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1. Introduction 

1. Preface  

On the basis of his intensive studies, Friedrich MIESCHER (66) 

makes the following statement: 

"From the time it leaves the sea until it hAs spawned, t 

Rhine salmon doés not eat,'and usually not even afterwards." 

Friedrich ZSCHOKKE (110, 111, 112, 114) tried to furnish 

parasitological proof for MIESCHER's statement by inferring from 

the qualitative and quantitative composition of the parasitic fauna 

of Salmo salar  in various waters the nutritional habits of the 

fish in the sea and in the various rivers. He reached the foilowing 

conclusion: 

"Salmon does not take in any food in fresh waters, at least 

not while ascending and spawning." 

Since the publication of these two reports, many more have 

been published by English, Scottish and Dutch researchers, in 

Particular, which in part reject, in part agree with the above 

•views formulated on the basis of accurate and thorough studies. 

•Until today opinions differ on the feeding or fasting of salmbn 

fresliwaterS., 



It appeared therefore desirable to continue ZSCHOKKEts • 

studies on'a large scale to achieve definite results. Another 

reason for this study was also the fact that the abundance of 

salmon in the Rhine is decreasing slowly on account of increasingly 

Smaller spawning grounds. By dams of all sorts of factories, but 

particularly by the many power stations, the spawning grounds of 

the salmon which used to ascend the Aare, Reu8 and Limmat Rivers 

as far as the Alps, have been restricted pb the short distance 

between Augst and Basle in the Upper Rhine. 

For this reason and the-one nfeiftioned previously I started 
__— 

studies on the salmon, and put myself a question which I tried to 

answer'first for the Rhine salmon, and then also for salmon from 

other waters, namely the questiOn: 

Can inferences as to the nutritional habits of Salmo salar  

be drawn from the parasitic fauna of the Rhine salmon and from 

the parasitic faunas of salmon of other waters, and by comparing 

these faunas with each other? ,  

to express it in more general terms: 

What is the significance of parasitological-faunistic 

findings for nut-riefen biological reflectionsl  on. n - iri? 

);• 

I started my studies at the end of the'summer term of 1912. 



The conditions prevailing here permitted my collecting efficient 

•fish material only during the autumn and winter months. Only a 

few intestines were examined during the spring and summer months 

and those were mainly of non-Swiss salmon. A total of 200 salmon' 

intestines was examined which were of the following origins: 

From the Upper Rhine 	 ' i28 , River area o 

From the Middle Rhine 	 8 	the Rhine 

From the Lower Rhine (including the 	11 	170 
mouth of the Rhine) 	17 

From the Moselle River (Alzet) 

From the Weser—RilieF--  

From the Loire River 

From Norway 

17_ 

21) 

5 

200 

Professor Dr. Fr. ZSCHOKKE was good enough to put at my 

disposal the material collected by him) fOr statistical purposes 

and I shall make use of it particularly in the chapters on the 

frequency, number and origin of,the salmon parasites. Here 1 

would also like to include the following material in order to give 

à complete review of all the parasitàs collected el. Basle: 

1889:  • 45 salmon fich  from the 

1891: 129 ' 11 



	

1896: 	5 from the Middle and Upper Rhine 

	

1896: 	3 from the Dutch Rhine 

10 from the North Sea 

Total: 181 salmon fish 

I have not included the 20 salmon specimens examined by 

HAUSMANN (3.5) in 1897 because his parasitological examination dealt 

only with trematodes. 

• 	If we add the salmon examined by ZSCHOKKE and by - myself for 

parasites, We get a total of 381 salmon,.307 of which came from 

the Rhine and 74 of which originated from other waters, partly from 

rivers, partly from the sea., 

The material to be examined - the fish intestines - were 

put at my disposal most willingly by fishmongers in Basle. Whenever 

possible, the intestine was cut off at the anus and pulled out 

with the head, together with all connected organs such as liver, 

spleen,agdnital glands,etc. In this manner I at least obtained 

the complete intestines and presumably also the Majority of parasites 

in the body cavity. It was of course impossible to ascertain "what 

remained behind in the body cavity, but in my opinion itwas not 

much. Most of the parasites were incapsulated in or on the various 

glands, on the intestine and between the pyloric appendages. 

Now and then I obtained intestines alsb from inns. 



Several times I took blood frôm a fresh catch of Rhine 

salmon on the spot to examine it for blood parasites, but the 

results of such tests were always negative. 

. I would like to take this opportunity to express my heart-

felt gratitude to everyone who has assisted this study by his 

advice or cooperation. Above all I wish to thank my venerated 

teacher, Professor Dr. Fr. ZSCHOKKE, from the bottom of my heart 

for his unfailing devotion in supervising my work, encouraging and 

assisting me with valuable advice and permitting me to make full 

use at any time of his extensive collection of literature of 

parasites. Thanks to him I wes able to use the facilities of the 

Zoological Station at any time, even during the war which caused 

considerable delay in my work, and also during the long vacations, 

I was thereby enabled to continue my work in spite of having to 

devote much time to my duties in the border control service 1914/15. 

I derived the greatest possible benefit from his extensivè 

experiences in the field of parasitology, especially during our 
■ •■ 

working together on the parasites of Salmonidae from Kamchatka. 

I am greatly indebted to Dr. C. von JAMICKI for his vivid 
ready 

interest in the progress of my studies and his/advice and 

cooperation. 

I would also like to thank the two fishmongers in Basle, 



. 2  Mr. CHRISTEN and Mr. GLASER; especially Mr. Christen andhhis fi 

supplied me in the most generous way with an abundance : of mater 

for 'my studies and always tried to comply with all.my .requests 

2: The nutrition of Salmo salar at various develoe- 

mental stages, in the sea and in fresh waters  

In the following I would like to summarize our knowledge 

on the nutritional habits and food of the salmon at its various 

developmental stages and in its various habitats (sea and rivers). 

We will see that opinions still differ widely on all questions 

concerning the nutrition of Salmo salar.  

(a) The young fish in fresh waters: Depending on the 

temperature of the water and on general climatic conditions, the 

young salmon hatch from.the egg membrane after 45 - 148 days..They 

are born as tiny fish, with the vitelline sac still attached to 

them which is their first source of food. Their mobility increases 

by the gradual resorption of the vitellus,until finally they are 

able to look for food themselves. They find the rich mud and 

àoil fauna of a mountain stream ready for them to feed on. The bigger 

the fish becomes, the more insatiable is its aPpetite. It does not 

' feed so much on the plancton which occurs only in scarce amounts 

in flowing water, but mainly on the living beings under stones 

and on' plants. The following list will give an. idea of the variety 



of food of the young salmon: 

According to HOEK (40, 41): Larvae of Chironomus, Baeti 

Simulium, Perla, Sydropsyche, Cloe, Enhemerella; diptera, insects; 

rarely Ancylus (house with snail); insect eggs. No plancton: 

neither Daphnia nor copepodes. 

According to FRITSCH (24): Baetis, Hydropsyche, Cloe, 

Chironomus, Simulium,  ants, Glossosoma, Potamanthus, Oligoplectrum 

Perla, Sericostoma; Rhizotrogus  (beetle). Rarely and in contrast t 

HOEK: Asellusequaticus; Ancylus  and spiders.:Now and then alsO 
4-nen 

salmon eggs which'the. young fish robeggs laid by adult fish. 

According to Md.INTOSH (64): Beetles„flies, insect larvae ,''. 

and small crustaceans. 

Accorciling to SELIGO (92):'Midges and other insect larime,. 

;also smaller species of crustaceans. 

(b) Nutritional habits of the descending young salmon:  After 

attaining a length of 11 -.21 cm, the young fish start migrating 

towards the sea, always taking in food on their way; this food, 

however, gradually changes in its composition. HOEK has shown that 

in streams and rivers they feed mainly on,insects and insect larvae. 

The closer the fish get to the sea, however, the more they feed on 

plancton. In the mouth of the river the_yDung-salman -lives-bn-the 

abundant fauna of. brackish-Water. It feeds on qrustaceans of all 
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kinds, above all on Gammarus locusta,  Crangon vulgaris  and the 

schizopod Mysis vulgaris. 

(c) Nutritional habits of the salmon during his first  

stay in the sea:  As soon as they reach the sea the young salmon 

disappear in the depths and canmo longer be observed. Based on 

the scarce findings, we can only speculate on 	nutrition there. 

Various authors have tried to throw light on that part of the life 

cycle of salmon, with varying success. All researchers agree, 

. _however, that salmon, both European and American and Asiatic, are 

extremely voracious in the sea.' 

MURRAY (39) has tried to demonstrate where and when salmon 
two 

feed in the sea. He suspected a certain connection between the/fact§ 

that'whennt4e,catches of herring along the coast are poor, the 

number of salmon ascending the streams is also small, and he did 

find such a connection. On the border between shallow water and 

the actual deep sea, at a depth of 180 - 200m,  there lies a mud 

zone which is the habitat of vast numbers of molluscs and crustaceans. 

The main and inexhaustible "hunting grounds" lie north of Scotland _ 

as far as Norway. Tidal movemente-àndorms which turn up the sea _- 
down to its very bottom, carry the inhabitants of that mud zone, 

particularly schizopods'and copepods, to the'higher layers of water 

where they fall pry to the hungry herring and young salmon. 



According to MURRAY's (39) studies, that source of food 

seems to have failed to materialize, and both species of fish 

did not have enough food; they remained in the sea therefore to' 3  

prolong the period of nutrition instead of appearing at the coasts. 

(d) Nutritional habits of older salmon in the sea:  Older 

and old salmon which have made many a journey up and down the streams, 

also live in those hunting-gfounds which were described above. 

They attack above all smaller and weaker animals appearing there. 

Large numbers of herring, smelts, sticklebacks and garpikes fall 
_- 

prey to the voracious 

We know the Baltic sea salmon to undertake frequently long 

journeys to find food. SELIG° (92)  assumes  even that they 

occasionally leave the basin of the Baltic Sea to look for suitable 

food in the North Sea. Large numbers of sprats, herring, Tobias 

fish, sticklebacks and also young codfish are found in their 

stomachs. 	 • 

Incidentally, these feeding places are frequented also by 

the various enemies of the salmon, namely dolphins, sharks and 

also seals. 

In general it can be said that the salmon in the sea usually' 

stays in greater depths, i.e. colder water, not far from the coast, 

feeds voraciously there, grows rapidly  in  size and weight and thus 



gathers strength, preparing for its first, --or'iàst,Aourney into 

fresh waters, 

At present there are still doubts about the actual period 

during which Salmo 	 v'a iousiy without interruption. 

Presumably it do4bot go on its first journey upstream before the 

age of 3 or 4 years. Likewise, we do not possess any definite 

knowledge  on. the  number of migrations within the life cycle of a ' 

salmon and in particular on the periods in the sea between the 

individual journeys through fresh waters. American opinion has it 

that salmon migrate every 2 years, according ta Swedish reports, 

(LANDMARK lS92,[22]), every year. MIESCHER (66) reports differently 

on the Rhine salmon: according to him, the salmon lives through 

a maximum of 3 spawning seasons or migrations; in between the 

individual trips there may be intervals of 2 years for males, and 
general 

2-3 years for females. That researcher draws the follawing/con- 

clusion: " The migration habits seem to differ from river area to 

river area; they perhaps depend on the length of the way in the 

river and on the range of distribution in the aea." 

(e) Nutritional habits of the salmon ascendin• the streams 

to spawn:  As yet we know little on this part in the life cycle of 

the salmon. Generally speaking, we may say that during the spawning 

season the salmon, similar to all Salmonidae and many other 

migratory fish, goes entirely or almost entirely without food. 



"The Rhine salmon performs the most amazing and thorough fasting 

test known to physiology(MIESCHER)". According to numerous studies, 

the salmon seems to fast for long periods. 

Even before MIESCHER, .several researchers had pointed out 

that salmon fast in fresh waters. After MIESCHER the discussion on 

this question was continued. Below, I have summarized observations 
- 

and views of.other authors-and-e
—

ftelf which might help to solve 

this problem. 

would like to start with'some reports of earlier date: 

RONDELET (1507-1566): Salmon become fat in the rivers. 

WILLOUGHBY (1635-1676): The returning salmon are thin. 

KNOX (44): Salmon do not take any food in the rivers after 

they have been to the sea. 

OWEN(81): Freshwater salmon feed voraciously, but have the 

habit of vomiting all the food when caught. 

v.SIEBOLD (93): "I cannot but mention here that until now,i  

examinations  and descriptions of the digestive tract of salmon fish 

have completely disregarded the fact that these fish go without 

food for weeks before and after their spawning season, and that 

their stomach contracts very much." 

Mc.INTOSH (64): Tay salmon does not fast completely, but 

takes in food occasionally, although at greater intervals and not 



voraciously, as is proved by the stomach contents. The latter 

consists only of the well-known tough mucus. Ten times  parts. of  • 

the skeletons of fish, small pieces of crustaceans and insects 

were found. More than 100 salmon were_examined;----  
,---- 

BARFURTH (4):-- 2d Rhine salmon were examined. Esophagus and 

stomach contained only white, tough mucus. Nothing was found in 

any part of the digestive tract which indicated the intake of 

food (spawning salmon). The same results from September to December. 

Only now and then wood particles or plant fibres. In 3 winter salmon 

from the Lower Rhine remains of food (parts of insects, insect 

larvae, cycloid scales) were found. According to private communications 
(Clupea harengus) 

of fishermen, parts of fish were found occasionally in salmon from 
irt 

the mouth of the Rhine, but not farther 'upstream. BARFURTH also ' 

quotes the following on this question: BERTRAM (1865) - examined-

hundreKb .of fish and found traces of food only rarely BUCKLAND: 

Examined largenumber.of salmon, always found intestines empty -of 

food, frequently with intestinal Worms attached. 

Let us now quote more recent results: 

MIESCHER (66): The Rhine salmon does not take in food from: 

the time it ascends from the sea until'it has spawned, and usually 

not even afterwards. Marine salmon (NOrth and Baltic Seas) feed 

voraciously. Esophagus and stomach contracted already' in'salmon &tom 



the mouth of the river. Remains of food rare. Occasionally amall'z' 

stones, grass stalks, plant stems in  esophagus or stomach; they 

were swallowed with the river water. Once in the small intestine' 

a fairly large insect larva, but cempletely undigested and intact. 

Only tough mucus in esophagus and stomach, also in the intestine. 

Never any traces of digestion. Gall bladder alway;bmpty. 

Takes in food very rarely when returning to the sea after 

spawning. Only once remains of two fish (presumably Leuciscus) were 

found in the stomach. Stomach slightly distended, with some thin 

secretion with acid reaction. After spawning salmon revert to the 

type of marine salmon in spite of extreme emaciation. Degeneretive 

phenomena disappear. 

ZSCHOKKE (112): In esophagus, stomach and intestine only 

mucus. Among 129 salmon, plant fibres and a slightly digested 

àammarus pulex were founà in the small intestine one time each. 

,Jlemains of a sand eel found once in the stomach of a Dutch salmon. 

FRITSCH (24): Ascending Elbe salmon always with empty stomach; 

only yellow tough mucus..Reported to snap for insects in resting 

places (as a pastime). After spawning,'as "Tuloc" (= vagabond), 

taking in food now and then - various insects and insect larvae. 

On ce an old salmon was imprisoned together with 2 young salmon; 

it ate two of. them. 

HOEK (38): With few exceptions (7 of approximately 200) , 



all salmon caught in Holland have an empty stomach. Lumina close 

together in stomach which has folded walls; intestinal epitheliuF 

destroyed, even in winter salmon. Regression of digestive tract 

starting already in the sea. Fish after spawning have completely 

empty stomach. Only once a Gammarus pulex  was found; presumably it 

had entered the gullet with respiratàry water and was swallowed. 

No remains of food in intestine, only sticky mucus. No adipose cover 

on pyloric apPendages. No longer any * parasites. 

PATON And ARCHER (83): ScottisOh and English salmon do not 

take any  food in freâlwater. Degeneration of gastric and intestinal 

mucous membranes. Decomposition bacteria in the intestine of ascending 

salmon, particularly in the unper course of the river, numerous 

because destroying aCicis lacking. Fat disappears. Before the fish 

reach the sea again, they are completely restored to their previous 

•condition. 

GULLAND (31): Examined 118 salmon (Scotland) from sea, 

river mouth, river (ascending or. descending). In fresh water, 

stomach and intestine pathologically degenerated so that intake of 

food is impossible. GastriC mucous meffibrane degenerated. Inflammation 

spi-eading more ithe  farther the fish mdgrate. Gall bladder empty; 

it starts filling slowly only when the fish are descending, a sign 

that the liver also starts fundtioning again..Stay in fresh water 

is not responsible for these conditions as they start already in 



almost 
;.the sea and because/all organs have beenn regenerated before the- 

descending salmon reach the sea, at least the stomach. Spawnine 

process is the determining factor. 

BROWN (14): In the sea: clear-fluid in stomach with acid 

reaction. Food. No yellow mucus. In fresh water: intestine filled• 

 ,,more or less with yellow mucus. Inflammation of mucous membranes. 

Adsorption of fat. No food. Resultà: in fresh water salmon are not

•in a position to be as voracious  as in the sea, but they may feed 

occasionally,,depending on the climate, location, temperature,  and 

amount of water. 

BARTON (5): Inflammation of epithelium in intestine and 

stomach due to post-mortal effect. In healthy fish intestinal 

epithelium completely intact. No pathological phenomena in fish from 11 

the upper course of the river, either. His views are opposed to 

those maintained by GULLAND. 

GULLAND (32): Reply to BARTON. Insists on his findings which 

were also made before the death  of the fish. 

BARTON (6): After spawning the salmon can again take in food; 

they do it, too, although in small quantities. Adipose globules 

the intestine prove it. They feed on infusària and other lower 

animals. 

TOSH (99): In a river as short as the Tweed, salmon do not 

them to feed at all, except under unusual circumstances which force 

-stay  in  fresh 'waters for . aprolonged period;: .  



McMURRICH: Fish of the genus Oncorhynchus  in North Amerie 

and Alaska never take food in rivers. Intestine contracted, stom' 

hardly discernible. 

SCHMIDT:,(116): The species of Oncorhynchus do not feed 

all in the Asiatic rivers (Amur, etc.). Intestine and stomach 

contracted, mucous membranes degenerated. 

By way of conclusion, I would like to add to'these different': 

observations and results My own experiences made with salmon from-

various rivers. 

Norway salmon:(4 specimens) from the sea: 3 of them contained 

many remains of food, partly digested fish', scales, otoliths in 

intestine and stomach. Only very little mucus. No food remains in 
es 

the fourth specimen; ovari4 were alreàdy fairly big. 

Weser salmon (21 specimens): all of them ascending or 

spawning - never food remains in stomach or intestine. In esophagus 

and stomach ) slightly watery mucus, in pyloric part of intestine 

and small intestine e frequently granular, tough mucus. 

Loire salmon (5 specimens, 4 of them ready to spawn, from 

the upp_er course, and one of them With little developed ovaries 

from the lower course): no traces of food. Only tough, yellaw-white 

to orange-yellow mucus. 

Rhine salmon (including Moselle): Of the 170 salmon examined, 



only 12 had plant particles in esophagus or stomach, included ire 

mucus: wood fibres, grass stalks, wood particles (one half ,  of a 

pencil), husks of grain. There were also occasionally small stontes, 

pieces of coal, soil, etc. Animal parts were found only in 3 salmon: 

in an Upper Rhine salmon cocoons of Phyrganeidae (Micrasema minimum)  

in one Middle Rhine salmon,remains of mites; in a salmon from the 

UpperRhinewhichhadspawned ) asmall trout, slightly affected 

by digestion, in esophagus and stamàch. 

All the other 156 salmon did not show any traces of food 

in their digestive tract. It should be stressed that in agreement 

with HOEK's findings, none of the 17 salmon from the mouth of the 

Rhine contained remains of marine food in the intestine. 

Doubtlessly all the plant partidles entered the gullet with 

respiratory water and aécidentally passe4nto the esophagus. Such 

objects are swallowed and remain stored, completely covered by 

, mucus, mostly in the esophagus, more seldom in the stomach. Frequently 

thelimmeus in the esophagus and stomach was watery and almost 

transparent, which'is due to the entering of water. 

Even'the animal bodies might have passed into the stomach 

accidentally, for in addition to plant particles, alsc; animals, 

floating soil species such as Phryganeidae larvae and mites,might 

get into the respiratory water of a fish and thus be swalloed by 



it. The intestine with the small trout came from a large spawner ,  

of the Upper Rhine after spawning; it hed been caught at the end ■ 

of December 1912 near Augst above Basle. I had the opportunity to 

examine the genital organs of that salmon. Its ovaries were àlready 

more compact Ummediately after spawning they are loose and greatly . 

elongated). Here and there a few eggs were left in the ovaries. 

Apart from these few foreign bodies mentioned above, 

\ esophagus, stomach and intestine contained, as already stated, the 

well-known mucus the appearance of which has already been described 

by McINTOBH, MIESCHER, FRITSCH, HOEK and many other salmon 

researchers. My attention was attracted by the intestinal mucous 

membrane, particularly that of the small intestine, which very 

frequently looked burned. 

I would like to'mention one circumstance which has been 

used as proof for both the fasting and the feeding of salmon in 

fresh water and has led to the opinion that salmon feed in certain 

rivers, but fast in others. This circumstance is catching salmon 

with a fishing rod which has become a real sport in Scotland. 

North Sea: 

NORDQUIST (according to,ZSCHOKKE, 112): In Finland the 

behaviour of the fish differs from river to river; in some they 

feed, in othersthey donnot, which manifests • itself in fishing. 



LUNNBERG (58): Baltic Sea salmon which ascend the Swed4 

streams cannot be . caught by fishing rod..He doubts whether the-;is 

'caught..in Norway and Scotland by fishing rod are mature; he-thi'îlks 

they are sterile forms. 

NORDQUIST175): Salmon'are j. caught by fishing,rod also . on 

-the;.coasts of thel3altic Sea.' ,they tear±themselves away .  and Icee . 	. 	. 	- 

Scotland: 

1901: It is reported from Scotland that fishing of salmon 

by rod is flourishing (22). 

1902: Reference is made to the Norwegian rivers which 

allegedly are better suitable in their lower course for salmon 

than the Scottish rivers where hardly any salmon• fishing, more 

caught any more (22). 

Canada: 

1900:. The saIth-On river s of Labrador were widely advertised. 

.promising the fishing enthusiasts an abundançe of salmon'(22). 

McMURRICH (65): The Oncorhynchus speciesof North America 

cannot. be  caught by'fishing rod. 

1875:An Englishman caught a,large'salmon on.his fishing 



rod near Schaffhausen ›(.22)'. 

' 1897:A 1 salmon (?) was caught . with.a:fishin&ro&in:th 

Neckar (22). 

- 	1897: A. large salmon was caught 

basin of the Rhine Falls (Schaffhausen), but it was able to tear 

itself away.again (22). 

1$99i A salmon was caught in the Nahe (tributary of the 

Rhine) with a fishing rod by means of a small fish.(22). 

1899: Similar catch as above near Murg (Upper Rhine) (22) 

1910: Salmon very numerous in the Wiese (tributary of the 

Rhine belaw Basle). An angler caught 3 specimens with a fishing ro 

within one hour (23). 

Let us finally see how MIESCHER (66) thinks about tais .  

question. 

"I have rep4ated1y heard it said that_during_the.spawning 

months, salmon are occasiodali-Y- caught with a fishing rod in the 

small streams near Basle (e.g. in the Wiese river), which usually 

is not possible here. Although I have not  ben  able to obtain any 

definite.ly  proved information to that effect, I dare not, in view 

of my experience's, to deny such a possibility completely - but 

. only for the time after spawning.' 

applicable"H 
draw anygeneralliconclusion 

with a fishing rdd in the 



briefly outlined here. It only seemà to me that fishing for 

'salmOn Willi> always sUCcessful where they can 'still migrate  iro 

small streams,.gathering in comparatively' large numbersin 

level waters. • If 'they are barred from such small streams, they 

to spawn in main streams where they naturally distribute more; , this 

very reason already seems  t '  fishing more difficult. 

Let us summarize in , a feW sentenrces the information 'Collected, 
. 	 . 	 , 

'on the nutritional habits of the salMon in the sea and on its 

:Aourney upstream: 

(1) Young salmon—in fresh waters first feed on the contents 

of their vitelline sac, then on the insect larvae living on the 

bottom of the 'river or stream, and finally on plancton. 

(2) The young salmon migrating to the sea gets accustomed 

to brackish food in the' mouth of the rivers and gradually also to 

marine food. 

(3) In the sea the salmon usually do not travel much. They 
to 

'stay at their hunting grounds which, if possible, are close/their 

native river. The only exception is perhaps the Baltic Sea salmon. 

Marine'food consists mainly . of small fish. 

(4) When the salmon ascend from the sea, they presumably 

stop taking food altogether. This is closely linked with the 

s-traiMAale development of their genital organs 

already in the sea. 

and therefore may'starter 



(5) The following observations speak in favour 

that the ascending spawners or milters do not take any 

(a) The digestive tract was always found to be empty, 

without any remains of food. If such remains are found occasionally, 

•they are not digestedat all or only incompletely. 

(h) The observations by MIESCHER on the morphological 

and physiological changes in the intestine, the liver, spleen and 

gall bladder of the ascending Rhine salmon. 

(6) In the descending salmon, the digestive tract slowly . 

•regenerate's (according to MIESCHER, 66, PATON and ARCHER, 83). 

Above all the stomach resumes its normal function, also the 

which is indicated by the fact that the gall bladder starts refilling 

slowly (GULLAND, 31). 

• (7) Descending salmon can take in food, but do so only 
tt,gtP 

• a.t. long intervals, without choosing and presumably completely 

inactively. 

The above reflections and observations on the nutritional • 

•habits of salmon in fresh waters show that the problem has not been 

'finally solved. This paper will try and help reaching a solution 

by parasitological means'. In this capacity it is a continuation' 

and extension of the studies by McINTOSH (64), ZSCHOKKE (112 

FRITSCH (24) and  • TOSH (99). 
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Fra,Acz. 
Frankreielt. 
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Schweden. 

Schweden. 

Tex° omy 
Systematild. 

. 	 . 

LLER, L. 
MULLER, F. 
Mikt,En,  F.  

With the help of comparative Éaunistic studies of the 

parasitic fauna of salmon from various seas'and river systems, 

like to draw conclusions on the nutritional habits of the fis 

in its various habitats. 

3. Chronological review ofauthors who have exaMined Salmo Salar 

 for parasites or have at least mentioned auldescribed parasites  

from salmon1.. 

1602 	M.unOVANDUS, 	 (81) pisees majores, 
et praeserlim Salmoncs mira et praeserlim Salmoncs mira• 

j
" 	biliter inticientes. 

Les sangsues (81) incommodent 
beaucoup les saumons. 

1 17'41 oder I GEOFFROY, M. 
,• 1756 	I 

1746 . 	SPÔRING, D. 

GISLER (GISOLAR 

1756 	;. GEOFFROY, M. 

t 775 
1776 
1777 

Taenia spec. (18) (sielie: de Bomare 
N'al. 1780). 

Taenia continua- plana fulcis 
tudinalibus (17). 

Kiefenwurm des Lachses (Lernaea) 
(75). 

des sangsues • (81), qui incommo-
dent. beaucoup . les saumons. 

Lernaca salmonea I.in. (75). 
75. Itolhriocephalus solidus (2 ,1). 
75 (nach GISOLAR 1751). Echinor-

L hynehen (70), 

1 The figures correspond to those in the subsequent list of 
parasites. The first occurrence of a parasite is indiated by 
its full name and by the figure given to it in the above-mentioned 
list. 
2 Papers which mention salmon parasites, but which were not available 
to me in their original versionc 



1779 - 
L 	1780 , 

, 	1780 

' 
1781 .  
1782 

1 	•1782 

' 1786 
1787 
1787 

1788-1806 
1788 

11788 
1801 
1802 
1802 

• 18i0 
1821 
1828 
1836 

M0s.Lea, 
v.  •CIII1ANK, 

GMELIN, 

RUDOLPIII, A. 
IturtoLrnt, A. 

Bose, G. 
1803 ' 	ZED rat, II. 

1809/10 	Runormix, A. 

1  ' 	Il ., 	Locu, E.- - 
a f; Bosuns, 

Milta.En, F.: 

PALLAS, S. 

lirnmANN, J, 
GOEKE, F. 

11.t.rscit, G. 
GoszE, E. 

Müld.r,n, le.. 

1838 	Dnummoxo, L. 

1839 
1844 
1845 
1845 
1847 
1849 

1851 
1853 

CREPLIN, 

13ziaaNcuet, O. 
DUVARDIN, F. 

GURLT, 11. 

CREPLIN,  F.  
CREPLIN, If. 

Dtssvec, M. 
BAIRD, W. 

! 1854 	DIESING, M. 

I 
1815 , 	OKEN, L. 
1816 :' 	LAMARK,  r. 
1819 	Reoor.Par, A. 

.; 
LnucK.i.nr , S. 

i , 11'EsTnuma, L. 
DE  BLAINVILLE M. 

I 	. 
' 	SCIIINZ, R. 

'Tnenia crassa (I). 	 1% 11 e1 1.1- 	211;ra. 7  
18 (dans les entrailles des ,vers Frankreich ? F7.6%0 c-e 

p)ats). 81 
1. Fasciola varlet' (33). Fasciola 	Ostsee. 	lad41 .c 

salmonis (34)? Echinorhynchus 
salmonis MOLL. (64). 

1. 
Echinorllynchus sal,vglini (63). 

Erhinor- 
hynchus quadrirostris Gzs. (27). 

1. Taenia nodosa 13,yrscn (32). 
1. 27. 1,46. „ 
Taenia, Echinorhynchus, Cucul.. 

Janus, Fasciola. 
33. 64, 

. ! 1. 27. 63. 

FP 

JP  

: 

1. 24. 27. 33. 46. 63. 64. 75. 
46. 
1. 24. 33. 
I. 27. 33. 46. 63. 64. 
1. 27. 33. 46. 63. 64. 
.t. 24. 27. 33. 46. 63. 64. Disto-

nuun crenatum? (45). ? nodu-
losus (63?). Cucullanus? (59). 

1. 27. 33. 46. 64. 75. 	 Xaturgesch. 
1. 33. 75. , 	 Naturgesch. 
I. 24. 27. 33. 46. Distomum Systematik.. 

appendiculatum Run. (35). 
Echinorlinychus lusito: mis 	 . 
Roo. (62). 

L. 27. 
12. 63. 
1. 27. 	• 
75. ICratzer, Band-, ICappen- und .Naturgesch. 

) Plat twürmer. 

Tetrarhynchusgrossus  Ru».  ( = so-
lidus Daum.) (30). 

Cu.cullanus eleg,ans (58). 
1. 28.32. Ascaris clavata Roo. (47) 
1. 27. 33. 35. 46. 47. 58. 62. 63. 64. 
1. 24. 27. 33. 35. 46. 62. 63. 64. 
30. 
30. Bothriocephalus imper(ectus 

cysticuS (3). 
1. 14. 27. 33. 46. 47. 58. 63. 64. 
t.  30.Tetrarhynchusrugosus BA RD 

f26). 	 • 

I.. 30. 

Bland 

,? Ostsee. 
irland. 

Systematik.».  

? Ostsee. 
Systematil 

Systematik.•, 
England. 

, Systematik._ 

. 	I 

. 	1 

17 

, 

Rheinu.Elbe; 

Quedlinbg. 	 , 

Systematik. Tet..xov)0vv ■ 

Iva.4-t, reel 

 1-0-)Coi:10 ms-7 

/ojv rcl- 11;s-idly , 

carpi() Ce lokctia 	pa Keorin S 
' * 

1icd-vvarve5 cun a 

ire.10.01 

1J-1-1'c Saa-
f re- la,v)ci 
Tcio PM -/my 

i -tic sea. 
To_aco natl.% %-/ 

t. 

o tn4y 

Translatorts note: No German definition of the term "Kappenwürmer" 
could be found, also no English translation. Consultation with 
various scientists was equally unsuccessful. Literally, it means 
"hooded worms". 

7.1777.17777.7717-7777777.77.177.77.7-777:77-',77.7.7.7;7; 



	

OstpreuGen. 	'--Pruesia...- 
Systematik»;."/"aX'oriavrly 

Tay. . 	• 	• 
• 

	

. 	. 

Sys temat II  

Ostsee. 
Ostsee. 

Onegasee.. 
Nordsee. 

Wtirttemb. 

Sa. L-6`c sae,. 

Là. ke One. 

. s-ea- 

Wvc -1-)eivvi hier,  

3 o_ /.)-;G 

Té5->teD vi 0 vvoi 

1866 

1866 
1867/68 

)1868 . 
1871 

1872 

1876 
1878 

1878 

1879 

; 1881 - 
1884 

1885 
1886 

1888 

. 1889 

- NEUMANN R. 
DIESING, M. 

INTOS0, 

°realer., C. • 

OLSSON, P. - 
0LssoN, P. 

ESSLEM, K. 
Y. BENED EN, J. 

V. HERING, ED. 

Otsso.r. P. 
V. LINSTOW, O. 

V. LINSTOW, O. 

MONIEZ,  R.  

MONIEZ R. 
v. LrNs -row, O. 

• PRENANT, A. 
Cicir nNuErsrcn, 

F'. 
v. LrNsroW,  O.  

1:causal-. C. 

63. 
1. X. 	• 
1. 27. 33. 46. 63.„64. Gregariniform 

animal (10). Tetrarhynchus 
spec. (28). Distornum tereti- 

• colle I{ UD. (36).  Dis  tomum spec. 
(44). Ascaris spec. 1 (57). Le-
peoplItheirus Str6mii DArau (76) 

1. 24.. 33..46. Cystieercus spec. 
GIEII EL (21). 

1. 
33. 35. Distomurn ocre'aturn Ruo. 

(34). 
4 64 . 
1. 33. 34. Distomum reflexum 

CREPi,. (38). 
1. 23. 46. 62. Echinorhynchus An-

Maris Duj. (65). 
35. 
46. 

1863 
1863 

Lille. 
Hameln-
(Weser). 

Ostsee. 
Ha Mein- 

• Weser. 
1.24. 27. 30. 33. 34. 35. 38. 46. 47. Systematik. 

58. 63. 64. Bothriocephalus 
corclieeps (Leroy) (4). 

Leuckartia nov. ;ren,  MONIEZ 	Lille. 
Abothrium crassum) (1)? 

. 1? 
46. 

46. 	 inkemeceole hosi- 
Sahno solar  al  s Zwischchwirt von 

Bothriocephalus lotus MUMS ?? 

'Tetrabothrium minimum nov. spec. Gtatingen. 
(larva) v. LiNer. (22). 

Fickiet (I. Larven v. Bothriocepha 
fins lotus Dacus trots Fri t terrings-
versuchen nicht in Sohn° solar 

Niederlandv. 1  ivervier 141111 de' , 	Qs in°4  "P'L  m  

• • 	le.x•rvae Che 1 204-kir; OCylle 
10A-us Zrems 'frt Sal kr30 SP) ar 

ner ije - e4 # 1  h5  

zscri °cc c, It hei n 1. 30. 33. 3S. 46. 47. Bothriocepha-
lus spec. ZSCIIOK K F. (5, 6, 7, 8). 
Rhynchobo thrium paleat:eurn 
(Run.) (25).Distomunaliescheri 
Zscuox Kr: (39). Echinorhyn-, 
ehus speer, ZSCII0 JCR'   (71).  

2 see footnote  oh' page 26 



Systenialik. 

Amerilta. . 
WeitiesMc(ii;» 	4e  Sec.  

Os t sec:. 

OstpretWen. :  
•'fautai. 

1889 -- 
1889 
1890 

1800 

i 

_ 
V. LINsTow, O. 
LOXNnERC,  F.  

[ ZsenoRKE, FR. 

FATio, V. 

ZSCIt KE, FR. 

1892 	MArz, Fa. 
1894 	Frursult, 

1894 • 	S'I'LLES 11.IIASSA 

ZSCHOKKE, FR. 

• 11Au,N, L. 
Münt.ING P. ,. 

II0F.x, C. 

LiwroN, E. 
y. LIsstow, O. 
ZSCROR e. FR. 
ScusEln En, O. 

ScnNEIDER, G. 
STArronn, J. 

1896 

1807 
1808 
1899 

1901 
1001 
1902 
1902 

1. 5. 6.'7. 8.3-3.-39: 4677-  •-•- -77 	 verrty 
1. 	 • • 	Schweden, Sweele'vb 
Bothriocephalus osmeri y. Lsr. 	fthein. -  

(5). 6. 7. 8. 
Zitiert die Fonde von FR.  Zscnox a Naturgesch. - 	. •1 

. 	(siehe 1889). 	 • 	..; 	 .. 191 
1.  2c2LI4-,e 1. 4. 5. 6. 7. 8. 22. 24. 25. 27. 28. Ithein,Ntird- ?1 ,131Q..; • IV 01"1 -, ...; 0-14 	• 	• 

• 30. 32. 33. 34. 35. 36. 38. 39. und Ostsce. 
44. 46. 47. 58. 63. 64. Ascaris 
adunca ftuu. (48); Ascaris 
commuais DiRs (40). Ascaris 
aculcati v.1..visr. (50). Ascaris 

. angulata Run. (51). Echitior. 
hynchus agilis 1Z (66). 
Echinorhynchus gadi O. F. 
M01,1.. (67). . • _ 

1. 5. (nach ZscaoKarir. 
acc. 	1.1 0 -1-0.• • 

1. 27. 30? 33. 46..47. 64. 75. Scolex 
pieuronectis O. F Mür.can (31). 
34. Argulus coregoni  '1 ,  non. (77) 
Biscicolagenmetra.LIN. (2. 9).38. 

1 (tie. 	Berlin). 1.3othrioce.pha Y.us  
spec. (9) (Pinngland). 

1. 5. 6. 7. 8. 25. 27. 30. 31. 33. 34. 
38. 46. 47. 48..49. 63. 66: 79. 
Bothriocephaluslarven (11). Te-
trarhynchus spec. ri.scn OKK 

(29). Neorhynchusrutili (MO m..) 
(61). F.chinorhynchus sp'ec. 
ZscnoRKE (72). Ascaris spec. 
1. Il. ZSCIIOKK F.' (55. 56.). 

:33. 34. 35. 38. 
1. 34. 62. 63. 64. 67. 
47. 63? Cystobrançlius respiralis 

TRoscit (80). 
Ascaris spec. (iarva) LINT. (51). 
63. 
Abothriurn rugosum (BAiscu) (2). 
1. Echinorhynchus spec. (larva) 

Scusk.:In. (73). 

, 
amerik.. ' Ar..1e..rico.o CoAé 

Samtniung.• - 	 . 	.. 

lthein tun1:" T4,3; 34  e 0-3,3c1.- Ak>rd-4  e •se-e-.  
. Nordsee... -  

la.YC P ei Wi y 

1003 
1904 

	

1004 	Hom, BR. 	1. 4. 22. 24. 27. 30. 33. 34. 35. 38. Systematilti'. 

	

, 	 39. 46. 47.58. 63. 64. 76. Ler- 
naeopoda carpionis .1■ ROP. Y. (78) 

• leac.14 

- 

1. 
33. 35. Sinistrophorus simplex 

((lun.) (.40). Lecithaster ho-
thryophorus ((Dus.) (41). 



1908 

•1913.. 
1914 

'.11014 

'rosu, J. 	1. 22. 27. 30. a3. 34. 39. 46. 63. 67. 	Tweed. 
Taenia spec. (larva) Tosu (19). 
Tetrabothrium • spec.  •(larva) 
Tosa (23). Ascaris acuta R ur. 
(52). Ascarisobtusoe audataZu». 
(53).Echinorhynch us angustatus 
nu». (68). 	. 

• • 	. 	rpm 	. 
WARD, 15.. • 	aus Oncorhynchus nerka: 1. 	 _ 

r 	d 	' Pen-n1  WARD, II. 	• fRe .5-a/Mg_Saiar-Se/rage: • . ro eo- 	arner. 
cephalus pusillus %a» (15). 
Proteocephalus ( lava)  WA» 	 • • 

r. 

 (16).Bothriocepbaluslarven (12). 
Cestodenlarve (20). 	Azygia 
Sebago \VAab (37). Nematodes 
A. B. (60). 	 t - i • 

. PFEILEa, \Sr. • 62. 64. 	 Systematik.i's 
 Wuorma, G. 75. 

LORE, M.-  7 	1. 5. 6. 7: 8. 24. 25. 27. 30. 33. 34.. Sys .teniatik.i 	- 
38. 39. 63. 64. Lecithaster gib-
bosus (Ru».) (42). If emiurus 
Liihei ()MINER (43). 

BIni.r.n, W. 	Vt.', 
LA Rur., G. • 	15 •  

ZscaoKkE, Fa. ate Oncorhynchus nerca: 46.  C.  Os t-Kam- 
end 	Bothriocephalenkile& . (13). tschatka. 

ITErrz, A.  r 	r  Pelicimihotrium 	caudatum 	 • 
ZscitoKKE (14).Echinorhyne1ms ED-41  

- 

caenokamis IT Err7. . (69). frie Le, I-Jul./49J. • 
Oncorhynchus keta: 1. 14. 46. 
67. Henneguya Zsàokkei Gum.. 
(74). 

OncorhynchIts tschawytScha: 
14. '27. 30. 4.A. 

.14-0 
Oncorhytichus leisutsch: 



a) Cestodes: 

.1. Abothrium 	crassum 	(BLocu) 

(=  Taenia crassa 13.Locit 1779 
Imuckartia AloN. 1879?). 

2. Abothrium rugosum (BATscit)1002. 
3. Itothriocephales imperfectus cysti-

ces CtineL. 1.849. 
4. Bothriocephalus cordiceps Lerny  

1878. 
5. Bothriocephales °suer' V. LINST 

1891. 
6. Pothriocephalusspec.I."ZscitoKKE„ 

1890. 1891. 
7. BotliTiocephalus 	spec. 	II. 

ZscitoKE.E. .1800. .1891. 
S.  13othriocephales 	spec. 	Ill. 

ZscitoN,E.E. 1800. 1891.• 
9. Bo thriocephales 	spec. S'IULES. 

IlissA mi . 1894. 
10. Gregariniform nuite. Mc. INT.1863. 

.11. Ltothrioceplialuslarven ZscitOKK E. 
1896. 

; '12. Bo thrio. cephal uslarven \VAR D 1008. 

Itothi•ioCeplialuslarveli ZSCHOKRE-

IfEr1:7" 1914. 
•14. Pelichnibothritun 	' 	eaudatem 

• ZSCHOKKE. 1914. 
•15. Proteocephalus pusillus 

1008. 
Proteocephalus larve M'Am). 1908. 

1 17. Taenia continua plana fulcis longi• 

1 	tudinalibus SPÜRING. 1746. 
18. Taenia spec.. DE Itommut. 1741 

u. 1756. 1780. 
• 110. Taenia spec. 'l'ose. 1905. 

„i• 20. Cestodenlarven \\*Alto. 1908. 
21. Cysticercus spec. Gt 1:11F,t. 1866. 
22. Tetrahothrium minimum v. J.INST. 

T 	1888. 

paleaceus 	ut). 

Table I. 

List of salmon parasiteb mentioned in the chronolo- 

•. 	gical review 
1. Endoparasite n: 	. 	23. Tetrabothrium spec. l'ose. 1905. 

24. Schistocephales 	gasterostei 
(FA.Dn.) 1776. 

25. Te trarhynchus 
1889. 

26. Tetrarhynches regosus 13AzaD. 
1853. 

27, Tetrarhynchusquadriros tris (Ose.). 
1782, 

28, Tetrarhynchus spec. Mc. INT. 1863.. • 
29. Tetrarhynchus spec.. ZSCHOKKE. 

1896. 
30. Coenomorphes grosses 	•1838. 
31. Scolex .pleuronectis Miira.. 1893. 
32. Triacidophorus nodelosus  (('ALE..). 

1786. 	. 
b) 1' renia tort° it: 

33. Derogenes varices (M'ILL.). 1780. 
34. Brachyphalles crenates  (Ru n.). ; 

1780? 1867. 
35. Munit:ires appemliculatus (ItuD.). 

1819? 1904. 
36. Azygia tereticollis (R un.). 1863. 
37. Azygia sebago \V A RD . 1908.. 
08. Distomum reflextun CR EPL. 1871. 
39.• Distomu nt Miescheri Zse.itoEKE. 

1889. 
4o. Sinistrophores sit-111)1ex 	(R u »). 

1904. 
41. Loci thas ter bothryophorus (0 hss.). 

1904. 
Leci thas ter gihhosus 	uL.).  '1 911. 

43. Ilerniurus Lad.  On H. 1911. 	• 
44. Distant= spec. Mc. INT. 1863. 
45. Distomum crenatern 12ED.? 1809 

u. 1810. 

• c) N e rn a toile 5: 

46. Ascaris capsularia Dun.Cu. 
 cullanus (Ise). 1782. 

47. Ascaris claveta Ben. .18'1S. 
. 	, 	. 	.. 

The figures in front of the  names.  correspond  to those 'in the 
chronological review. The years mentioned are those in which the 
parasite was found in salMon for the first time. 

: 



1 .  • 
Ascaris adunca 11.un. 1891. 
Ascaris communis DIEs. 1891. 
Ascaris aculeati y. LINST. 

51.1.ASCLIMS ailglIlittil 1111D. 1391. 	. 
• Ascaris acula tluo. 1905. 	•  

• Ascaris oblusocaudata Zs». 1905. 
54. Ascaris spec. LINT, 1061. 
65. Ascaris speè.  1.ZSCIIOKK E. 1890. 
56. Ascaris spec. 11. ZscitosKs. 1896. 
57. 'Ascaris spec. Mc. 1NTOSII. 1863. 

Cucullanus elcgans 7.En. 1839. 
59. Cucullantts? «  Rut). .1809/1310. 
60. Nematodes A. 11. WARD. 1908. 

d) Acantliocephaleii: 

61. •Ncortlynchus rutili (MOI.L.). 1896... 
62. Echinorhyncluts 1rul:ae SCHRANK. 

1819. 
463.. Pornpliorhynchus laeris (ZoscA). 

1782. 
4. Echinorhyuclius salmonis Mü r.  

1780. 
5. Ecidnorhynchus AM.hurls?. DIJJ. 

1872. 
j 66. Neorliyncluts aging (11un.).. 1891. 

',I 67. Ecilinorhyncluts gadi O. F. MULL. 
I 	1891. 	 • 

- 	 _- 
68. Acanthocephalus 

• 1905.  

69. Echinorliyneltus 	, caenoformis I . 
. 'Inez.  •1914.. 	• i..:',. 

70. EchinOrllyncilen . .Milm.mi. ..1777. 
71. Ecilinorilynchus spec. Zscito1:x.E.1. 

, 
'1889. 	. 

72. Ecilinorhynchus spec. ZSCIIOKK E. !': 
.1396.. 	 .. 	:',.- • .. 

73.,.. Eciiinorhyntims spe(.? Scu N Et D .1 :, 
1902, 	.  . 	 0 - 	r.... 

• e) 'Iy;sosporit.li@-et: , 
7.4. ilenneguya Zscliolzkei Guar,. aus i.. 

Oticorhy. kisutsch und One. keta. 
; 1914. - . 

2. Ectoparasiten. 	. " 	i..'. 

1) CopepodYte: 

75. Lernacopoda salmonea 14..1751. 
1775. 

76. Lepcopiltlicirus Slr5mii • 13.uttn. 
1863. 

77.'Argu1us Coregôni Tuon.  •893. 
78. Lernacopoda carpionis Kno 

	

100fi. 	 , 

rudine 	 I 

79. PiscicoI4 • geomelra LIN. 189.4.1::' 
80. Cystobranchus respirans 	oscu. 

	

1899. 	• 
.81„1.Ilirudines-1602. •(-;.. 

leischogel .1904). 

777-firin ieed4 



4. History of the research into the parasitic ;fauna of salmon  

(a) endoparasites: 

During the first decades 'of the 18th century, a period when 

numerous scientists examined the various animal classes for 

parasites and parasitology became a systematic, organized branch of 

science on the basis of purposeful studies, the first salmon para-

sites were found. Salmo  salar,  an excellent food fish and .a migratory 

fish travelling regularly through the various media, fresh water and 

salt water,Calmostjchallenged studies and attracted the anention 

of scientists at an early stage. lithe course of almost 170 years, 

up to the present day, this giant among the freshwater fish became 22 

the subject of numerous studies in biology, anatomy, histology and 

parasitology. 

The first parasite was found in 1746, the year when H.D. 

SPÔRING (94) mentioned, when finding a tapeworm in a Woman, that 

there are worms "that live in fish"; aMong the'infected species' 

listed by him was also salmon. The description given by that sdientistH 

Of Taenia continua lana - fulcis longitudinalibus  as he:Oalled.the 

parasite - allows no definite interpretation and coMparison with 

any of the salmon parasites known today. BRAUN (12)yinterpréts Taenia, 

as Ligula  larva, an interpretation which ,is hardly:the .  trué one 

because since then 1.1Éala has never been found irijalmon.>I'am 



. inclined to believe - and the description and particularly the 

drawing by SPdRING of the parasite found in salmon which differs 

those by the same scientist on the same glate of the worms from•

Abramis, Leuciscus,  Gobio etc. seem to confirm this - that the' 

Swedish scientist was dealing with the common tapeworm of salmon, 

Abothrium crassum.There is a simple explanation for the fact that 

the parasite was found in the body cavity. It happens not infrequently, 

and I myself observed  the  same phenomenon occasionally, that in 

dead salmon the intestine is severelyinflamed, inflated, and the 

intestinal wall therefore tears very easily. Often such an intestine 

was torn and the intestinal parasites lay in the body cavity which 

might of course give the impression as if the worms had always lived 

So much on the first parasitic find in Salmo salar.  It also 

disproves the:statement by WARD (103) that in 1726 FRISCH had found 

a parasite in a stickleback which later was found also in Salmo salar. 

In that case the parasite was really a Ligula, but in my opinion 

it is not identical with the one encountered later by SPERING. 

Therefore SPCRING's find must be regarded as the first in Salmo salar. 

'and as the first in geneal of an endoparasite which parasitizes 1, 

The“nextchronol_ogicalort of  -a salmon parasite cannot 

be pinpointed  as  to ' the year:.'» A French .:: dictionary published by 



VAL. DE BŒURE (11) in 1780 contains the folloiring passage; 

' Ils ont (les saumons) dans ses entraillee de Vere:platS 

Les continuateurs de la 'Matiere.médicale de Mr. GEOFFROY' 

trouverent, il y a quelques années, dans le Ventre d'un saunions

un taenia d'une longueur extréme et d'une grande.  blancheur, 

était encore plein de vie quatre jours apres la Mort.". 

The French doctor and natural scientist Et.M. GEOFFROY 

referred to in the above passage published . his main work "Tractatus 

de materia medica" in 1741. His successors, various French scientists, 

published another edition of his work in 1756-1757, presumably • 

with additions2and improvements. Unfortunately, 1 could not find 

the passage quoted by BOMARE in that second edition. 

A short paper on fish parasites by a man from Strasbourg, 

however, has greater significance for our purposes than those 

questionable French communications. Professor J. HERMANN (37)) 

most likely a medical man, conducted studies in natural science in 

addition to his profession. When examining various Rhine fish, he 

also found parasites which he drew  for  his own entertainment;hedadded 

his comments to those drawings. HiS attention having been drawn 

to the papers by PALLAS and MULLER published just then, he used his 

notes for a short report which he published in 1782. His findings 

must date back to much earlier years because he mentions the 

iwrk "Elenchus Zoophytorum" by P. S. PALLAS', published in 1766, 



'.already known, the "Prodromus Zoologica Danica" by Fr. MULLER (217()) 

on the othe r.  hand . , as not yet publish .ed. His .studies:must therplOre 

have been'conductéd between 1766 and 1776. We shall.not'be - fàr'WrOn 

that'he made his findings  in 1770.  

That year is  of  such special importance to us because.it 

isthe firàt time we hear about a parasite from Rhine salmon. . 

:- - am quoting the relevant Passage from HERMANNts paper: 

- "I found some of these worms achinorhynchus salvelini. 

‘SCHRANK = Pomphorhynchusiaevis CZOEGA]) . in the stomach-of salmon.. 

- According to the -usual habit of this.genus of worms, they were 

'ffirmly attached in the . inner mucous membrane." 

The  next findings of Rhine salmon parasites are those by 

BLOCH (10) in 1779 and by PALLAS (82) in 1781. Both scientists found 

the common tapeworm of salmon, Abothrium crasslim, and published it 	24 

under the name Taenia tetragonoceps or Taenia crassa. 

In the years 1776-1800 O. F. MULLER (73,74), GOEZE (29), 

PALLAS (82), etc. published their Corks which laicithe foundations 

for helminthology. There, we find most of the salmon parasites known 

today ,  as the most common ones, although often badly described and 

depicted. RUDOLPHI'S (87,88) publications (in 1809, 1810 and 1819) 

summarizeaall discoveries.  of parasites from Salmo salar up to that 



parasitological 
In 1838, while conducting/studies on fish from Ireland 

the Irish coast, DRUMMOND (19) described two parasites from Sal 

salar: Tetrarhynchus grossus  RUD. from the body cavity, and a 

species, also from the body cavity, which he called Tetrarhynchus  

solidus.  (According to more recent findings, they are identical; 

see "Systematic Part" under Coenomorphus grossus). 

In 1863, McINTOSH (64) examined4 salmon migrating to the 
--(- Scottish river Tay for spawning(or pdrdàiteâD. He found 11 species 

of endoparasites in more than 100 salmon. A large number of those 

parasites were potamophilous which induced the scientist to believe 

that salmon take in some food in fresh waters. 

In 1879 and 1881, MONIEZ (69,70) published'observations on 
as the type specimen 

a salmon cestode which he introduced/of a new genus, Leuckartia  

nov.gen.  on account of Various anatomical characteristics. LUHE (59) 

abolished this parasitic species because he considered it synonymous 

with Abothrium crassum  (BLOCH) (see nSystematic Part"). 

'In 1886.and 'the:follôwing years, scientists started disputing 

about the life cycle of Bothriocephalus latus  BREMS in which Salmo  

salar  played a questionable part of intermediate host infecting man. 
• 	with the tapeworm. 

KUCHENMEISTER (46) maintained that man coulcInfect himself/bY 

eating raw or half-cooked fish, and made salmon, eels, pikes and. 

other food fish responsible for that 'circumstance without, 



substantiating his statements by any tests or findings. His oppolients 

in particular BRAUN (13), GRASSI end FERRARA (30), held the view'ïthat ,  

it was above all the pike which acted as intermediate host, but 

under no circumstances Salmo salar. ZSCHOKKE (111) also dealt with 

.this'qUestion and studied:various'Bothriocephaluslarvae which 1-11 

found in Salmo salar;  but'none' . of the.larvee shOwed'any relatiàn 

to BOthriocephalus  lattis.  

In 1889, 1890 and 1891, ZSCHOKKE published the results 

(110, 111, 112) of his examinations of salmon from the Rhine and 

the Baltic Sea for parasites. As I shall refer repeatedly to those' 

publications in the course of my paper, I need not discuss them 

in detail here. 

In 1894, FRITSCH (24) published his anatomical-biological 

study on the Elbe salmon. At the end, that report lists several 

species of parasites found occasionally in the Elbe salmon. 

In 1896, ZSCHOKKE (114) )  on the occasion of a parasitological 

examination of the Rhine fish species,' .again reported on several 

new parasites he had found in salmon from the Rhine and the North Sea. 

In 1897, HAUSMANNA3 .5) -  described several trematodes' from 

the species of : Rhine- fish examined in 18961see above),-,. and also 

.inentioned . the .flatworms found'insalmon. 

32905T0SW(99) • _ reported on the pa.rasitic fauna which he 



had encountered in his studies of the salmon frcym the 

Twped. He founcL15 species of parasites;)most:Of:theMofmarine 

origin., 

Parasitological data-on-Adérican salmon species are very 

scarce. In 1907;  WARD (102) reported that he had found Abothrium  

crassum  in the Alaska salmon, Oncorhynchus nerka. 

The same author published a parasitological paper in 1908 

on Salmi° salar sebago,  a North American salmon species which has 

adapted itself completely to life in fresh water and never gets 

into contact with the sea. Its parasitic fauna is only of potamo-

philous origin (7 species). 

The above paper also mentions : several-finds made by BEAN 

in Oncorhynchus nerka  and by.RUTTER  in  Oncorhynchus tschawytséha;. 

cestodes, trematodes (?) and parasiticcopepods were-fOund (see 

Systematic Part).' 

In 1914, an extensive study was published by ZSCHOKKEarld 

.1-IEITZ (116) on the parasitic fauna of various salmon species 

(Oncorhynchus nerka, 0.keta, 0.tschawytscha  and 0.kisutsch)from  

east of Kamtchatka. The examination of this.abundant parasitic 

material (6 species of cestodes, 4 of nematodes, and 

apanthocéphalaiasfwell as one of myxosporidia) yielded the interesting 

result that the parasitic fauna, that is to say its composition and 



therefore tried to combat them with all possible means. Even spiritual 

elp was accepted, as appears from the following passage taken from 

nature, of the salmon species in Eastern Asia ji.s similar to thati,, 

of European salmon. 

Apart from the publications mentioned above, dealing mainly 

or entirely with the parasitic'fauna of salmon, there is a large 

number of scientific papers which, in addition to many other species 

of parasites, hosts and intermediate hosts, also discuss Salmo salar. 

and its parasites more or less. The . authors of such papers and 

the species of salmon parasites they have either described or found 

for the first time and described, are listed in the chronological 

.- review; it suffices therefore to merely enumerate their names here: 

1866-1867, OLSSON (78); 1872, HERING (36); 1876, OLSSON (79);  1868, 

KESSLER (43); 1893, OLSSON (79); 1898, MUHLING (72); - 1900, HOEK 

1902 and 1903, SCHNEIDER (90,91). 

(b) Ectoparasites:  

It remains to refer briefly tO the ectoparasites of salmon 

of which only a few are known. Data on such findings are much older 

than those on endoparasites, which seems to be due to the ease with 

which this type of parasites can be noticed. Frequently', the mass 

occurrence of these bloodsuckers caused severe damage among the - 

populations of food fish; fishermen felt these repercussions and they , 



the great work by U. ALDROVANDI (1) (1522-1600):andià rendered - Yee': 
, 	1.e• 

in a free, abridged translation as follows: 

"Leeches often attack the salmon in winter by attaching 

themselves to their mouths or their tails and even cause them to 

jump with pain. The salmon try to detach their enemies, but they 

usually hardly save their lives, frequently dying from the inflicted 

injuries. The saintly bishop of Lausanne l  caused inc4ntations to 

be collected from Holy Scriptures and publicly proclaimed on certain 

days against the leeches which torture the salmon and inflict deadly 

injuries on them." 

In the end, ALDROVANDUS tells us from where he got his 

information: 

"FELIX MALLEOLUS inquit, qui vixit .circa annum:Domine 1554 

(should read .1454)"2. 	 - 

This reference to the early knowledge of ectoparasites will , 

suffice for our purposes. The literature of the 17th century mentions 

1 Presumably Guilielmus dtECUBLENS who was bishop in Lausanne from 
1221-1229. He is the author of the .above-mentioned exorcisms against 
"all poisoned worms and snakes" which he commanded "never to crawl, 
nest and live again in them (rivers and lakes)". 
2 Félix MALLEOLUS is the famous Felix leMMERLIN from Zurich, doctor 
of Canonical Law, canon of Zurich and Zofingen. He lived from  l39-
1464. He died in the prison of Lucerne where he wrote the "Tractatus 
de Exorcismis" shortly before his death. It says in that treatise: 
"Previously and now the bishôps of Lausanne cursed the leeches 
which killed the salmon". 



such parasites at several other occasions, but' 	seems that onEC 

scientist had copied the story by MALLEOLUS from another, only 

with his own respective remarks. "Les sangsues incommodent beaucou 

les saumons" writes the Englishman WILLOUGHBY (107) in 1686; the 

same sentence we find in V. de BOMARE's (11) dictionary. 

None of the other reports on ectoparasites date back so 

far. Most of these parasites were not discovered before the 19th 
- 

century. Only Lernaeopoda salmonea  LIN.seems to have been known 

1800. At least O.F. MULLER (73) in 1776 and the 12th edition of 

LINNE's (49) "Systema naturae" in 1775 mention the Swede GISLER or 

GISOLAR as the man who reported on "a Lernaea,of  the salmon" in 1751. 

II. Systematic Part 

1. Preliminary remarks  

In order to simplify the systematic part as much as possible 

and at the same time follow a certain classification,  I have used 

several abbreviatibns which should be explained right ln the .beginning 

to facilitate orientation. This classification and these abbreviations 

, will be used throughout all the other chapters, too. 

The parasites have been classified into the,follawing groups 

- dependingon'origin:andmain 'range ofdistribution:: 



(1)Marine parasites:  Species parasitizing only marine 

fish, occasiônally also migratory fish. 

(2)Marine-potamophilous parasites:'Species parasitizin 

predominantly marine fish, but also certain migratory fish and 

few freshwater fish. 

(3) Potamophilous-marine parasites:  Species parasitizi 

predominantly freshwater fish, but also certain migratory 

a few marine fish. 

• 	(4) Potamophilous parasites:  Species parasitizing only 

freshwater fish, occasionally also migratory fish. 

For these 4 groups, the folleding syhbdisi-havebeen used 

in tables and comparisons: 

o = marine 	 • x o = potamophilous-marine 

x = marine-potamophilous x = potamophildus 

The term "potamophilous" includes, for the purposes of this 

paper, all living beings with habitats in freshwater regions. 

The large number of hosts and intermediate hosts 'has been 

classified in 3 groups depending on their ideality and their 

mode of life, as follows: 

Marine fish - migratory fish - freshwater fish. 

The following symbols are being used for the 3 groups: 

o = marine fish 0= migratory fish x = freshwater fish 



In order to avoid enumerating all hosts for each parasit4 

and yet to keep the list clearly arranged,. I listed only the na 

.: of  those hosts which the parasite concerned infests only in e: 

cases , e.g. Derogenes varicus parasitizes numerous marine fish,' 

some migratory fish and 3 freshwater fish; the exceptions, in thi 

case the freshwater, fish, are listed by name. 

Migratory fish are always listed by name. Short lists of 

hosts are always given complete. 

In cases where a large number of marine or potamophilous 

hosts would have to be listed, only the individual orders of fish 
or s'uloo 

are ment,ioned to which the hosts belong. The figure behind the order, 

refers to the number of species parasitized by the parasite. 

Derogenes varicus, e.g. parasitizes 51 marine fish which all belong 

to the order of the Teleostei; among the hosts are 22 of the 

suborder Acanthopterygii, 1 of -the suborder Pharyngognathi, 23 of 

" the suborder Anacanthini,  and 5 of the suborder Physostomi. 

er 

The list of hosts also gives the organs infested by the 

respective parasite, and in outline the geographical localities 

of the.hosts; Both organs and localities are described in greater 

detail for, migratory fish and .  in excSptional cases. 



2. Endoparasites  

Plathyhelminthes: 

(a) Trematodes:  Five species of trematodes are found 

Salmo salar  which are of the following origin: 

Marine forms: 8 (4 of which parasitize the Rhine salmon) 

Marine-potamophilous forms7 1 (1 of which parasitizes 

the Rhine salmon) 

Potamophilous forms: 

Rhine salmon). 

(0) Marine forms: 

Distomum Miescheri ZSCHOKKE, (Table 1, Fig.1). This 

parasite, dicovered by ZSCHOKKE (110) in 1889 and infesting only 

• Salmo salar,  shall be the first of the purely marine trematodes to 

be discussed. The range of this worm is extremely limited: the 
Plouion3 

North Sea and the riversfe1,1-ing into._it-which-the - salmon-frequent. 

The number of hosts is—e-ven smaller - only Salmo salar. ZSCHOKKE 

this trematode in a few specimens of Rhine salmon, TOSH (99) in 

a similar number  in  salmon from the River'Tweed in 1905, and FRITSCH 

.(24) in the Elbe salmon. 

In my extensive parasitic material I encountered Distomum  

Miescheri only three times, namely one time each in an Upper Rhine, 

Middle Rhine and Lawer Rhine salmon. They always lived in the stomach 

'at) 



which was richly folded. 

The parasite is immediately recognizable, on account of its, 

typical shape, already emphasized by ZSCHOKKE as characteristic 

feature, and it can thus be easily distinguished from the other 

salmon trematodes.The entire body is shaped.like a written Latin 

It can therefore be easily divided  into  an anterior end of the 

body reaching from the oral sucker to closely behind the ventral 

sucker, and a posterior end of the body (caudal part according t 

ZSCHOKKE). The body of my largest specimen is 12 mm long. 

Since ZSCHOKKEts description of this parasite contains 

all essential facts on shape, dimensions ofipody and of suckers, 

need not  go  into detail here. 

.0n its inner structure, heaever,  I  would like to add a few 

'remarks and corrections. 

Even ZSCHOKKE himsclf corrected himself with regard to 

the development of the intestine in  his  second publication on salmon 

parasites (112). The spherical, very muscular pharynx is followed 

by a sac-like extended esophagus. The ,intestine forks out into two 

parts approximately in the first third of the distance between oral 

and ventral sucker:The two parts themselves extend to the posterior 

end of the body in slight spirals. At approximately the middle of 

• their entire length, caeca start protruding which rearward become 



bigger and then smaller again towards the end of the two parts. 

ZSCHOKKE reports dorsal and ventral sacs. In my opinion this isl;not 

the case. In one ofi,my specimens the intestine is completely filled 

with a brown-black mass - visible even to the naked eye - so thal 

it can be seen clearly that the two parts of the intestine have 

\ohly dorsal ramifications. 

The excretory pore lies at the end of the posterior end of 

the body. ZSCHOKKE has interpreted and described the course of the 

excretory vessels correctly. 

ZSCHOKKE writes that the male and female genital passages 

end at a larger or smaller distance from each other, which LUHE (61) 

considers very questionable. To clear these doubts,  I  examined 

2 preparations left of ZSCHOKKEts material and my material carefully 

and reached the following conclusions: 

Distomum Miescheri  has only one genital pore which is 

located ventrally approximately on the level of the posterior oral 

sucker. The pore is surrounded by swollen margins. The entrance 

is followed by a bottle-shaped distension, the genital atrium, at 

the base of which lies the actual, joint orifice of the two combined 

genital passages. This strange arrangement may easily give the 

impression that there are two openings, for the pore is sometimes ' 

far away from the end of the Ductus hermaphroditus. It may be shifted 



forward as far as beyond the middle of the oral sucker.' 

-In all specimens the entire genital organs were still 1:ittle 

'clèveloped,land what was already. developed-was almost always hidden' 

the,two  . parts of the_intestiriï—aaoured black bly' their . contents. 

There is nothing essentially new about the male organs. The 

oval testicles lie slightly before the beàinning of the intestinal 

,caeca. Dcannot make any statements on the Vasa deferentia on account 

of the reason mentioned in the preceding paragraph. The seminal 

vescicle is an elongated sac which is approximately 0.540 mm long; 

it lies dorsally in front of the ventral sucker. The prostyeata part 

surrounded by prostata cells lies in front of the Ductus herma-

phroditus into whiCh the male and the femalagenital passages open. 

The excretory duct for male and femalagenital products, the Ductus 

hermaphroditus, is enclosed by the short, muscular cirrus pouch 

which, when relaxed, protrudes very slightly into the genital atrium: 

• The following can be said about the female genital organs. 

Behind the testicles lies the spherical ovary with a diameter of, 	32 

1.705 mm. Adjoining it is the sausage-shaped Receptaculum seminis 

which is somewhat smaller than the ovary. It was impossible to 

ascertain whether a Laurer canal existed or not. On account of the 

two parts of the intestine, the vitellaria are hardly visible, but 

they lie behind the testicles and the ovary. Likewise, the course of 



the uterus is :invisible until a short distance, before the'ventr 

sucker, but it , seems to extend rearward in transverSS-loopS andr• 

.then fOrward straight. 

Nothing remains to be.said about the ecology of this parasite 

as ZSCHOKKE (112) has almady discussed this question. I fully 

agree with his view that Distomum Miescheri is a purely marine form. 

Distomum reflexum  ZSCHOK.nec.CREPL. • Found only 

times and in small numbers in Rhine Salmon by ZSCHOKKE (112) a 

HAUSMANN (35).• 

Sotfartthe only known hosts are Cyclopterus tumpus and Salmo 

'salar.  Development unknown. Geographical distribution limited to 

- North and Baltic Seas. 

Lecithaster gibbosus  (RUD.). This is a purely marine . 

parasite. I found it several times in Rhine 

of Norwegian salmon, partly in the.stomach, partly in the intestine,' 

the  usual habitat of this parasite in other hosts. 

I have nothing to add to the detailed descriptions by 

LEVINSEN (48), ODHNER (77) and other authors. The following hosts 

are knegn for this parasite: 

Marine fish: 

Teleostei: Acanthopterygii: 8 intestine) Atlantic Ocean; 

	

-/ -nrPhàryngognathi:  2 	" , 	) (European and 
Anacanthini: 	5 	" 	) American coasts), 
Physostomi: 	4 	" 	) NRrth and Baltic 

Seas 

salmon • and in 2 specimens 



Iffigratory fish: 
Salmo salar 	Stomach and intestine: , Shine; Norw 
Salmo trutta 	Intestine 	 ' Scandinav4 
Anguilla vulgaris 	 . 

Lecithaster bothryophorus  (01ss.) which was found by 

STAFFORD (95) as a parasite of Salmo salar  at the Canadian coast, 

is presumably synonymous with Lecithaster gibbosus. Unfortunately 

STAFFORD did not make any detailed statements on shape and size 

his  parasite.' 

It is interesting to note that STILES and HASSALL (97) name 

Colymbus cristatus  as another host. The marine trematode may have 

entered the bird intestine with food, with a migratory fish presumably 

playing the role of intermediate host, 

Sinistophorus simplex  (RUD.). According to reports 	. 

by STAFFORD (95), this .parasite  has been found in Canadian marine 

fish, among which Salmo salar  ià mentioneà as the only migratory fish. 

It cannot be decided whether this species is synonymous with 	H.  

Distomum simplex  RUD. because morphological details are lacking. 

In any case, this parasite is a northern form of marine 

character. STAFFORD lists the following hosts: Acanthocottus  

Gasterosteus aculeatus, Hemitripterus americanus, Phycis cuss, 

Scomber scombrus, Sebastes marinus and.Salmo salar. 



Migratory fish: 

Salmo salar: 	Esophagus 

Hemiurus Lühei  ODHNER. According to LÜHE (61) th;f:s 

parasite was found once in Leipzig in a salmon of unknown origi 

From the list of hosts its marine character becomes obvious. 

Marine fish: . 	 , 
Acanthopterygii:  4 Esophagus & stomach ) North Sea. At-
Anacanthini: 	2 	tt 	" 	) lantic Ocean 
Physostomi: 	3 " 	" 	) (European and 

American* coasts ) 

Fish market i 
Leipzig? 

Brachyphallus crénatus  (RUD.). Until - recently, 

no other trematode group was as confused as that of the Hemiuridae 

(= Apoblema  Duj.e.p.) because "various authors used . different names' 

for the same species or listed different species - under.one and the 

. same name" (LüHE,60). 

RUDOLPH' (87), OLSSON (78,79), and MUHLING (72) report on 

trematodes with anal appendages which they found in salmon and called 34 

Distomum appendiculatum. All details given by these authors on 

classification, loCality and host have to be abcepted with great 

caution. ObRNER (77) has proved that most of those finds (OLSSON) 

are not Distomum appendiculatum,  but Brachyphallus crenatus.LüHE  (60) 

also stated that MUHLINGIs finds, which he classified as Distomum,  

did not belong to that species, but to Brachyphallus.  He also proved 



RUDOLPHIts (e) report to be incorrect. 
The same will apply to those reports by ZSCHOKKE (112),r 

FRITSCH (24) and HAUSMANN (35) which classified all trematodes with 

anal - appendages found in SaImo salar as .Distomum appendiculatum. 

According to LUHE (60), Brachyphallus crenatus very often 

parasitizes the Baltic Sea salmon (Kbnigsberg). ZSCHOKKE (112) also 

found his trematodes in salmon from the Baltic Sea. HAUSMANN (35) 

found trematodes in Rhine  sa l on  which he classified as Distomum 

appendiculatum  and Distomum ocreatum (no author mentioned, presumably 

Dist.ocreatum  OLSS.nec.RUD.), but both species'are synonymous with 

Brachyphallus crenatus.  Most likely his finds will also belong to 

the latter species. 	 • 

• The same may apply to Dist.appendiculatum found by FRITSCH ( 24) 

in Elbe salmon, but it is not certain because we have neither.  • . 

• picture nor description. 

• Occasionally I fOund a trematode species in Rhine salmon 

• the structure, shape and size of which agreee in all details with -• 

' the characteristics described for Brachyphallus crenatus  by ODHNER' 

and LURE. 	 • 

As the synonymy is so complicated and information on 

localities so uncertain, it is very difficult • to make definite 

statements on geographical distribution and hosts. Herever, we can 



obtain a faire•g.y clear picture from the facts we are certain o 

This parasite has approximately the following hosts: 

Marine fish: 
Acanthopterygii:  3 Esophagus & stomach) Atlantic Oceah. 
Anacanthini: 	9 	

. 

" 	" 	) Seas. Mediterra- 
. 	nean (rare) 

Physostomi: 	3 

Migratory fish: 
• Salmo salar: 

Osmerus eperlanus 	It 

,Salmo trutta 	 TT 

Acipenser sturio 	TV  

35 

TV  

TV 

Esophagus,and stomach-North andl3altio. 
Seas, Rhine,Elbeec. 

Scandinavià 

This shows that Brachyphallus crenatus parasitizes exclusively 

marine hosts and belongs to the northern fauna. 

Distomum appendiculatum EUD. STAFFORD (95) found 

this parasite in a Canadian salmon, but does not describe it in 

detail. We can therefore not say whethér he classified it correctly, 

and Salmo salar  is a host of Distomum appendiculatum,  after all, 

or whether his find was also a Brachyphallus crenatus.  WARD (103) 

has grave doubts about the correctness of the classification. Until 

other findings confirm or disprove it, however, we have to be 

satisfied with STAFFDRD's identification. 

I will not discuss the geographical distribution and the 

hosts of this parasite in any detail; it may suffice to say that 

. Distomum appendiculatum is a marine form. 

) North and Baltic 



. Migratory fish: 
Salmo salar  

Freshwater fish: 
Thymallus vulgaris  
Lota vulgaris  
Coregonus Wartmanni 

Esophagus & stomach Rhine, North 
and Baltic Seaà, 
Atlantic Ocean 
North Sea 
American coast 

? 
Germany 

,.-  TI  

Scandinavia 
11 

Salmo trutta 	_ 
Osmerus mordax? 	. . 
Coregonus oxyrhynchus  
Anguilla vulgaris  
Acipenser sturio 	. 

P . 

 If 

11 

11 11 

Distomum spec.  McINTOSH 1863. McINTOSH(64) foun 

a trematode in Salmo salar from  the  River.  Tay,  :buthe did not . 

 identifi:ordescfibe it. The parasite- lived in:the esciphagus.. 

Derogenes varicus  (MULL.) Although this species of 

trematodes is predominantly marine, it occasionally infests also 

potamophilous hosts. This agrees with the fact;.that the most common 

parasites with the widest ranges of distribution are seldom forms 

of one or the other element. I would like to 'call to mind only 

Scolex  pleuronectis  and Ascaris capsularia. The hosts of this 

parasite are the following: 

Marine-potamophilous forms: 

Marine fish: 
Acanthopterygii:  22 Esophagus & stomach) 
Pharyngognathi: 	1 	Tr 	 11 	) 

Anacanthini: 	23 
'Physostomi: 	5 

by LEVINSEN (48) 
The larval form of Derogenes varicus  has been suspected/to 

, 
36 

North & Baltic 
Seas, Atlantic 

11 	 11 	) Ocean (Europ.& 
11 	 Tt 	) Amer.coasts), 

) Greenland 



live in Harmothoe imhricata  Lin. S2AFFORD . ('95) Mbhtions marine 

copepods (Acartiq) a-S-intermediate hosts. 

I found Derogénes varicus fairly.often in esophagus ana 

stomach, but very rarely in the intestine. This trematode has more 

specimens in one salmon than any other salmon parasite. Frequently 

only a few specimens were found, but at other times more than 100. 

The worms always had a yellowish colour, which is caused by the 

eggs5withcyhich they are completely filled. 

Derogenes varicus isknown from numerous descriptions an 

drawings so that  1  need not discuss it any further. 

V. Potamo2hilous forms: 

Crepidostomum farionis  (MULL). As a northern parasite 

of purely potamophilouà distribution, it is a rare guest of various 

fish of the family Salmonidae, as becomes clear from the following 

list . of hosts: 

Migratory fish: 
Salmo salar: 
Salmo trutta  
Coregonus oxyrhyn  chus  

. R)hine 
; Europe 

I Sweden 

Intestine 

11 

.Freshwater fish: 
Salmo fario  
.Salmo salvelinus  
Salmo fontinalis  

•-:Coregonus lavaretus 
Thymallus vulgaris  

Intestine 
- 	11 

11' 



STAFFORD (95) reports the strange fact'that this parasite .  

'parasitizes an amphibian, Necturus (genobranchus) maculatus  (RAF:) 
• 

The aquatic mode of'life and nutrition of;thateanimal may have:1 

caused'it.to become infected with the parasite. I shall not.go into-

:details on the varieties'of Crepidostomum farionis  .on which STAFFDRD,: 

reports. 

Salmo salar  is a new host—of-CrÉPidôstomum farionis. I found 

this rare parasite once in the terminaLintestine of a Rhine,salmon. 

I have only little to add to the descriptions by RUDOLPH' (87) 

and in particular by OLSSON (77). The parasite is 2.484 mm long and 

has a maXimum width of 1.080 mm. I am in a position to confirm the 

view ODHNER (77) had expressed on the'number of papillae on the 

oral sucker. The specimen I found has 6 distinct tuberosities which 

originate frontally and laterally on the margin of the oral sucker. 

We can only speculate on how Salmo salar  acquïred this 

purely potamophilous parasite. Perhaps with the respiratory water, 

- perhaps through an intermediate host (if CrePidostomum farionis  

has one amOng - the freshwater animals). 	. 

The geographical distributinn of the parasite can, be seen 

:from the above list. 	• 	 - 	 ' 

Azygia tereticollis  (RUD.). In 1911, ODHNER (76) 

separated the trematode species known as Azygia tereticollis  (RUD.) 



into 2 species on the basis of the different sizes of the suckeil 

and mainly on the basis of the different sizes and shapes of th 

pharynx, namely into Azygia tereticollis  (RUD.) and Azygia robusta  

nov.specr:,DODH. The first species parasitizes predominantly Esox 

lucius,  the second one lives in the intestine of various Salmonidae. 

In 1863, McINTOSH (64) found a specimen of a Distomum  species 

in a salmon from the River Tay; he identified it as Azygia tereticollis. 

Of course we can no longer say which of the two species he really 	38 

found because we have no details. 

In the stomach of a raxigemen Rhine salmon I foundlinature 

trematode which I identified as belonging to the genus Azygia on 

account of its size and shape and the development of its inner organs. 

The parasite is 12 mm long. The oral sucker has a diameter of 0.936 mm, 

the ventral sucker of 0.736 mm. The pharynx is 0.378 mm wide and 

0.576 long, therefore it is almost twice as long as it[is wide 

-a characteristic of the Azygia  species from Esox lucius. We are 

thus dealing with Azygia tereticollis  (RUD.) s.str. from Salmo salar. 

This disagrees with ODHNER's (76) statements on the 

relationship between hosts and form of parasite. We, however, infer 

from this very interesting case that freshwater parasites are very 

rare and accidental guests in salmon, since Salmo salar has the 

Azygia  species foreign to the Salmonidae, instead of the species 

Azygia robusta  usually a parasite of Salmonidae.. 



We know as little about the mode'of.beection as in thé • 	' 
-,case  of Crepidostomum farionis.  We:can only.repeat the.same spe 

'lationS. 

With regard to the distribution of Azygia tereticollis, 

it is difficult to define it after ODHNER separated the species 
31-ot,f)-s 

into two  pats.  If we eliminate localities where Azygia - presumably 

Azygia robusta - were found  211 Salmonidae (Salmo hucho in Wurttemberg, 

S. fario in Wurttemberg and in the Lake of Geneva, S.trutta  in Swe-

den, S. lacustris  in the Lago di Garda and S.salvelinus in Sweden), 

we still have sufficient clues to be able to Say that Azygia 

tereticollis (RUD.) occurs almost all over Europe. This becomes 
following 

obvious from the/list of hosts and localities: 

Migratory fish: 

Salmo salar 	 . Stomach 	Tay?, Rhine 
Anguilla vulgaris 	Branchial 

cavity 	.Swedish lakes 

Freshwater fish: 
Acanthopterygii: 2 
Anacanthini: 	2 
Physostomi: 	6 

*Stomach 
ty 
tt 

). 
) Eumpe, Canada? 

(b). Cestodes:  The order Cestoda.accounts'for the majority39 . 	. 	. 	. 

of the salmori parasites; Withregard to .both species and numbers: 

There is almost no Rhine salmon which, when opened, does not 

have a cestode of some  form or specie's, either as larva or as mature 

worm. It is however, strange that Salmo salar is not parasitized 



species is known . from Salmo salarÀvhich'has the 

and lives in the intestine. 

same characteristics 

59 

34.vob ■ le,S---arry. ... 
by any otherCorm of Strobila)but Abothrium crassum. The reason for ... 

. this shall be only briefly referred to iere, but discussed in cleail 

in the biological-faunistic part; it is connected with the pecg 

mode of life of Salmo salar, its life in the sea and in fresh maters. 

A ciassification of the cestode parasites on the basis of, f. 

their origin meets with various difficulties because mode of lifê . 

 hosts and intermediate hosts are known of only a few species. The 

number of species parasitizing the salmon as larvae, on the other 

hand, is large, and their origin is difficult to ascertain. In 

order to follow a certain system in this part, just the same, I 

have included these larval forms and the •speicies reported by various 

authors and considered as highly questionable forms in the group 

àf marine parasites. It will become clear from the faunistic- 

biological part. that I have not made any great mistake in doing so". 

ot, Marine forms: 

Taenia spec.  VAL. DE BOMARE (11). 1741, 1756, 1780. 

I already discussed this species in the historical part. It is 

'possible that it was a specimen of Abothrium crassum, a view further 

corroborated by the description of this worm, as no other cestode 



Taenia continua plana  SIDMING (94). 1746. This 

parasitic spe'çies has also been discussed in detail in the hist 

part. I would only like to repeat very briefly that, contrary t 

the view held by BRAUN (12), I do not"consider this form as a 

larva of Ligula, but as Abothrium crassum. 

Taenia spec.  TOSH (99). 1905. "One larva was observed", 40 

writes TOSH in his report on the parasites of the Tweed salmon. 

cannot draw any conclusions whatsoever from this note. 

•  If it was really a Taenia, the report is interesting inasmuch as 

it indicates that apart from Bothriocephala, Taenia  can also , 

parasitize Salmo salar. 

Cysticercus spec.  GIEBEL (28). 1866.A very questionable 

SpeCieS which does not lend itself to any interpretation. 

Of course we 

Bothriocephalus imperfectus cysticus  CREPLIN (16). 

1848. This form does not offer any clués for discussion. From the 

terni  "cysticus" one might think of a Bothriocephalus  larva found, 

encapsulated in one of the organs .  

. 	Bothriocephalus spec.  1894; WARD (103) reports that 

the parasite collection  by HASSALL - contains'a bothrioCephalid 

species_found in:Salmo salar'in : Englandorphologicaldetails'raré:: 

missi 



Bothriocephalid larvae  ZSCHOKKE. 1889, 1891, 189 

In his extensive parasitic material collected in the years 1888,40 

1890, ZSCHOKKE found a large number of larval forms; in a publ4ation 

in 1890 he reported on their shapes and on their relations towards 

each other and to other, similar, already known forms (111). In his 

third publication on salmon parasites (112), we find addit'ens to 

the above paper and its systematic classification. Onerspeçies,i 

Bothtioçephalus spec.I  1890, was recognized as Bothriocephalus osmeri  

: v.LINST. The others are referred to in literature as Bothriocephalus  

spec,I,1891, Bothriocephalus spec.II  1891 and Bothriocephalus spec. 

III 1891. 

In 1896, the saine  author (114) reports again on several 
• 

bothriocephalid larvae which he had foundAsalmon from the North Sea, 

from Holland and from the Middle Rhine. He does not mention their 	41 

systematic . classification, their size and shape. 

Tetrabothrium minimum  (v.LINST). 1888. Until that 

year, this cestode larva was found in a few specimens only, and 

exclusively in Salmo salar. In 188e, Von LINS  TOW (52) named it, but 

it seems to have been known even earlier, for in 1863 McINTOSH (64) 

mentions a gFegariniform creature which he found frequently in 

the 2yloric -appendages of salmon intestines. He describes them and 

expresses the view that the animal might be a developmental stage , 

of another parasité. From the description and the drawings a 



sac-like at the base, approximately in the centre of the animal.' i• 

The entrance of this indentation bears two strange tips of epidermal 

origin on either side. They are approximately 0.0155-0.0186 mm long. 

I cannot explain the physiological function of these structures. 

.certain resemblance tO Tetrabothrum-m-inimuff-eéâ-bécome appare4 , 	 •o• 
An identification ,  already assumed by ' WARD ( 103 )

) may perhaps b 

'possible. 

In 1905; TOSH (99)'found another'Tetrabothrium'in a salmon' 

from -the River Tweed, also  in  the . pyloric.appendages, .but he does 

'not'describe:or . depict it. 

Tetrabothrium spec.TO3H.1905. TOSH (99) calls the 

parasite which he found free-swimming. in the rectum of a Tweed 

salmon, "probably more advanced forms of the last species", the 

nast species" being Tetrabothrium minimum  v.LINST. Again no detailed 

description. 

Tetrabothrium nov.spec.  (larva). In the rectum of 

.a Lower Rhine salmon which I examined in June 1512, I found a small,. 

.yellOwish-white body of oval-heart-shaped contours. 

The maximum length is 1,368 mm, the maximum width 1,113 mm. 

The anterior margin is deeply indented. This indentation is 
spherical 

0.252 mm long. It continues into the/body as a canal which widens 



This larva completely lacks any hairs or scales as I observed tilem :  
• 

on the bothriocephalid larvae from Oncorhynchus nerca(Kamtchatka 

(116). 

' For further details and better understanding, reference 

should be made to Fig.5. 

Opposite the indentation lies another shallow indentation, 

the excretory pore. The 4 excretory vessels which unite in front 

of the pore to a small vesicle, open .into it. Of the 4 vessels, 

2 are partitularly well developed; this was even more distinctly 

visible on transverse sectionemade of the parasites at a later date. 

Inside, the larva is largely filled with parenchymatous tissue 

in which comparatively large, oval calcareous , bodies lie dispersed. 

Then we find, practically in the centre of the body and on the 

inner end of the above-mentioned canal, the bothriaiandnthe mstellum. 

A narrow space is visible between this centrally located scolex 

complex and the above-mentioned tissue; it surround the scolex with 

its bOthria Iike a shell. 

The 4 large, auricle-shaped, Multi-lobed bothria are 

located on the lateral walls of the above-described, bottle-shaped....- 

canal; with their concave surfaces turned towards the . hollow space. 

The dorsal and ventral bothria are close to - each.'other, while 

the left and the right one are located at.a.'distanceto 'each 'other._ 

Inside these sucking  surfaces the Mstellum projectS4 into the canal; 



on its tip it bears a fifth , small sucker, as I could ascertain 

- from  the  transverse sections through the animal. It has no hookl;., 

•Systématically, this peculiar cestode . larva may be assigned- 

to the group  lof Tetrabothria. It is presumably the developmental 

stage of one of the family of Ichthyotaeniida. It cannot' be compared 

aith TetrabothriuM minimum  v.LINST. 

Tetrarhynchus spec.Mc.INTOSH. 1863. McINTOSH ( 64 ) 

...found the scolex of a Tetrarhynchus in the rectum of a salmon'. 

-:Very - little Information - can be derived from his drawing and 

: . description. 	• 

In my material, I found small bodies of similar shape and 

size which, as I will show further below, mostly proved to be 

developmental stages of Tetrarhynchus paleaceus  RUD. If such  para-

sites •are crushed, one finds not only calcareous bodies (= "oval 

bodies or cells, pale and translucent", as McINTOSH describes them) 

but also parts of the scolex such as proboscis, proboscis sheaths 

and proboscis clubs. The Scottish scientists also saw such remains. 

It • is therefore well possible that McINTOSH was dealing with 

developmental stages of Tetrarhynchus paleaceus. 

Tetrarhynchus spec.ZSCHOKKE 1896.'Witliolit detailed 

description ZSCHOKKE (114) reports that he found a Tetrarhynchus  

43 



species in a North Sea salmon which he 'examineld for parasites i 

1896. 

Tetrarhynchus rugosus  BAIRD (3).1853. For the sake 

of completeness, this parasite shall be mentioned here. TOSH (99) 

identified it as Coenofforphus grossus  (RUD.), but his definition 

of the host - "of a salmon" - is too 'inaccurate to be taken for 

Salmo salar  with certainty. He might mean Salmo trutta. 

The  following, partly well-known and widely distributed': 

species, which e -however,  are rare in:Salmo.salar  alSobelong to 

the group of the purely marine forms: 

Tetrarhynchus paleaceus  RUD. Small, yellowish-white, 

bodies of the size of a pin-head were occasionally found encysted 

or deposited in the esophagal or intestinal wall,or between the 

pyloric appendages. Inside these bodies lay those parasitic larvae, 

enclosed in capsules of connective tissue, which are known as 

developmental stages of Tetrarhynchus pa1eaceus.  ZSCHOKKE (112), 

found such structures of similar shape, size and number .  in Salmo  

salar and described them: 

As I explained aboVe, McINTOSH (64) was'most likely dealing-

with the same parasites without recognizing them. aS-Tetrarhynchus  

paleaceus. 



The larva as well as the mature worm are purely marine 

parasites which, according to ZSCHOKKE (.113) parasitize Scyllium 

stel la re  . 

Marine fish: 

Selacheï: - 	, 12 encapsulated in ) Mediterranean 
body cavity; free ) 'more seldom 
in the intestine 	• in Atlantic 

Teleostei: 	 ) Ocean; North 
Acanthopterygii 	15 	" ' " 	" 	) sea 	1. 
Ana cant hini 	10 	tt 	 ) 
Physostomi  
Plectognathi 	1 	" 	" 	" 	) 

Migratory fish: 
Salmo salar 

Tetrarhynchus quadrirostris (GZE.). This parasite 

is fairly common in Salmo salar.  It lies encapsulated between the 

pyloric appendages, in the peritoneum, at the outer wall of the 

intestine, more rarely is it found free in the body cavity. Very - 

rarely it is encountered on the outer surfaces of liver and spleen. 

The capsules are mostly elongate-oval and yellow to white. Only 

once did I find a specimen of Tetrarhynchus free in the body cavity 

with its pftbosces attached to the intestinal wall. 

As the parasite is known and has already been described, 

I need not give a detailed morphological description here. The 

specimens- I found were between 2.5  and  6 mm long. For all other 

details, reference should be made to the description and drawing 



Cephalopoda: 

Loligo spec. 
Sepia officinalis  

Chelonidae: 
Ghelonia mydas  

It 

Mediterra-
( 	nean 

IT 

in the publication on parasites of Salmonidae:2from Kamtchatka (e6). 

On the basis of my various finds from Rhine, Weser and Nor-

wegian salmon which were all different developmental stages of{' 

Tetrarhynchus,  I can confirm TOSHis (99) opinion that Tetrarhynchus  

quadrirostris (GZE.), Tetrarhynchus appemdiculatus RUD.,.Tetra-

rhynchus megabothrius RUD. and Tetrarhynchus macrobothrius v.SIEB 

are synonymous species. 

If we include all these synonyms, Tetrarhynchus quadrirostris  

parasitizes many marine fish. It is also reported to have bean 

found in representatives of various other marine animals, as the 	45 

following list of hosts  shows: 

Marine fish: 

Coryphaena equisetis  Body cavity & intestine ) 

• II 

Ti  

Body cavity 

Coryphaena hippuris  
Halichelys atra  
Scomber pelamys  
Scomber scomber  
Scomber  spec. 
Lampris guttatus  

Migratory fish: 
Salmo salar  

Oncorhynchus tschawytscha  

)• 
\Mediterra- 
nean.  At-
lantic'  Ocean 

Rhine, Tay 
Tweed, 
Elbe, Weser 
Easterh 
Kamtchatka 



Coenomorphus grossus  (RUD.). Another cestode Iar 

seems to occur as frequently in Salmo salar as Tetrarhynchus  

•quadrirostris  (GZE.), namely Coenomorphus grossus  (RUD.) which ile\n 
FarAs:+e 

a purely marine animal-,.occurs enlymin-m-6rine fish, with the exception 

of 3 migratory fish, as can be seen fribm the following list: 

Marine fish: 
Selachii: 

 1 
10 Body cavity; 

free in the 
A.ntestine 

) Atlantic Ocean; 
) Meddterranean , 

Teleostei: 
Acanthopterygii  10 

. Anacanthini: 	4 
Body cavity 

Ti 	9 

tt 

Tt  

Body cavity 
Migratory fish: 

•Salmo salar  

Oncorhynchus tschawytscha:. 
Salmo trutta  

Rhine, Scotland, 
Ireland, Elbe? 
Eastern Kamtchatka 
Scotland, Ireland 

With regard to its relationship to other worms, this parasite 
r f  

occupies a special position in the literature on parasites. In 1838 

DRUMMOND (19) found 2 larval forms(in Irish salmop)which he 

described in detail and depicted. He identified one form as Tetra-

rhynchus grossus  RUD., while he interpreted the.other one as a new 	46 

.species and cal1ed it Tetrarhynchus solidus DRUMM. This separation 

continued until 1891 when ZSCHOKKE (112) combined the two species, 

pointing out that the characteristiœ which might separate the two 

forms "are sO negligible and inconstant that a separation seems 

hardly justifiable". 



species under the name Tetrarhynchus_grossus  RUD  on the basis': 

of reliable material from the Tweed saImOn which)le,.himself . hae 

collected. LUHE.(62) introduced  the  generic name,CoenoMorphus  

(grossUs) . instead of Tetrarhynchus (grossus). -  

I found the parasite several times in the body cavity on 

the intestine, on the peritoneum or also between the pyloric 

appendages in forms which resembled partly Tetrarhynchus grossus  RUD. 

partly Tetrarhynchus solidus  DRUMM. fully agree with TOSHts (99) 

view that the species introduced by DRUMMOND under the name Tetra- 
obsolete. name Po r 

rhynchus solidus  Müst be regarded as - 11.e .e.t.iee4-eerm-oe Tetrarhynchus  

grossus  RUD. and must therefore be combined with the latter. The' 

parasites grow to ax enormous larvae in the body cavity of Saimo  

salar, but die after some time and are covered by the connective 

tissue of the body cavity  with  a tough capsule. In these capsules 

the former larvae are found in various positions - straight, bent 

or involuted. If we open the capsules, we find calcareous concretions 

and remains of the parasite inside.

•I have nothing to add to the descriptions by DRUMMOND (19), 

pELLINGHAM (à), ZSCHOKKE (112) and TOSH (99). The biggest specimen 

was 30 mm long and had a maximum width of 8 mm. The dead forms 

were always'smaller: 18-25 mm long. 

Coenàmorphus grossus  was found in Salmo sàlar in Ireland, 

in the Tweed, the Rhine and the Weser'. FRITSCH .(24) . presumably also 



found it in thl Elbe salmon, for Fig.49c in he  •report on the 

salmon depicts a parasite the shape of which is much more simile 

to the figures by TOSH and DRUMMOND of Coenomorphus grossus than 

to Figs. 49a and 49b depicting Tetrarhynchus—quadï91•6stricom-

parison of the dimenSIOns of Fig. 49a and 49b and Fig.49c 

indicate3that Fig.49c çannot be Tetrarhynchus quadrirostris,  but 

rather Coenomorphus grossus.  FRITSCH himself puts a question mark. 

behind the name Tetrarhynchus macrobothrium  - the term he used 

for the larval forms he depicted and described -, which shows that 

he himself was not quite certain whether all specimens were really 

the same. He states furthermore that he had found some larvae 

, encapsulated in the intestinal wall and in the liver, some free in 

the body cavity. The first locality agrées with Tetrarhynchus  

quadrirostris,  but not with Coenomorphus grossus.  The second locality 

is the right one for the large larval form. 

Therefore all these findings speak in favour of the view 

that FRITSCH was dealing also with Coenomorphus grossus from the 

Elbe salmon, but erroneously classified it as an advanced stage of 

Tetrarhynchus quadrirost ris. 

Marine-potamophilous forms: 

::-Tetrarhynchus erinaceus  v.BEN. Twice in the Rhine 

area-  once in the  Upper_Rhine i  the.other'time_in:the Moselle - 



found, encapçulated in the esophamml wall, Vile larval form of 

Tetrarhynchus erinaceus  described and depicted by . VAN-BENEDEN ('). 

.The same species in the same stage was also found . once  in a Weser' 

salmon at the same place in the fish body. 

The 4 specimens are very similar to the first developmental 

stages depicted by VAULLEGEARD (100). Icould not find any more 

advanced forms. All cysts had a diaueer cf approximately 0.882 - 

1.026'mm. 

From the small number and thé rare occurrence of the 

parasite in salmon (for the first time) it may be concluded that 
- 

infection was accidental. This seems to be confirmed by the list of 

hosts, too, for the majority of marine fish which are hosts  land 

intermediate hosts belong to the Selachii. The parasite was faund 

only once in fresh waters, and only Anguilla vulgaris  was knemn 

among migratory fish to be parasitized by it. 

Marine fish: 

Selachii: 

Teleostei: 
Acanthopterygii: 
Anacanthini: 

10 ,  mature in the 

8 	" 	 n also 	) 
" encapsu-) 

lated in body 	) 
cavity. 	 )  

48 
Mediterra-
nean, Atlan-
tic Ocean. 
North Sea.• 
North Ame-
rica (east 
coast) 

intestine 

17 

. 	.  . . 	Migratory fish: :  . 	_ 
. 	

. 
Ulm° salar  

. 	Angilla vulgaris  

encapsulated in esophageal 
wall Rhine 

North 
America 

■•■■ 



Tiber .  

France 
Elbe 

Freshwater fish: 
Lota vulgaris  encapsulated in body cavity Lake Gèneva, 

ZSCHOKKE (115) has supplied us with a detailed faunistiC 

:and geographical report on Tetrerhynchus erinaceus. He discussed 

the  very unusual occurrence in Lota vulgaris in great detail:and 

reflected on the various possibilities of infection. 

_ 	. 

	

, 	 . .(= Scolex polymorphus  RUD. 

	

. 	. 	. 

	

. . 	_ 

	

, 	. 	Scolex pleuronectis  MÙLL. This parasite/is also'. 

	

. 	
. . . 

	 „ 

predominantly marine, as . the followinglist of hosts may.show:1'. 

Marine fish: 

More than 150 species 

•Migratory fish: 
Salmo salar 

• - Osmerus eperlanus  
Petromyzon fluviatilis: 

- Anguilla vulgaris  
llosa vulgaris  

:Freshwater fish: 
' Cottus gobio  

Perca fluviatilis  
_ Esox lucius  

Salmo salar  
Ctenophore: 

•Mediterranean, Atlantic 
Ocean, etc. etc. 

Elbe, North Sea, Rhine 
North America (Atlantic coast) 
Germany 

- North America (Atlantic coast) 

Cydippe spec.  Mnemia norwegica. 

Cephalopoda: 
Octopus vulgaris, Eledone moschata, Loligo vulgaris, 
Loligo sagittata,  Sepia officinalis.,___ 

Crustacea: 	 ' 

Pagurus bernhardus,: Carcinus maenas., 
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In Rhine salmon, I found Scolex pleuronectis only once a. 

the appendix region of the intestine, together with several speemens 

of Abothrium crassum. As the larva is sufficiently known from 

previous reports, and my observations agree completely with those 

by RUDOLPH' (87), DIESING (18), MONTICELLI (71) and other authors, 

need not describe it here. 

LURE (62) is mistaken when he states that ScnbX pleuronectis  

had already been found in Salmo salar  from the Rhine; this is not, 

a fact. ZSCHOKKE (114) found the parasite once in a North Sea 

salmon. I do not know of any other finds of Scolex pleuronectis  

in Rhine salmon; therefore, my find appears to be the first one of 

its kind. 

This cestode has been known from the Elbe salmon since 

1893; according to FRITSCH (24), it occurs frequently in that salmon 

all the year round. It has also been found in young salmon of the 

Elbe river which fact induced ZSCHOKKE to assume (115) that "Caine-

bothrium (C. filictale), the adult chain form of Scolex polyierphus, 

is occasionally introduced into the rivers". 

Schistocephalus gasterostei (FABR.). ZSCHOKKE (112) 

found this parasite in the stomach of a Baltic Sea salmon (not in 

a Rhine salmon, as the list cf parasites erroneously.  'indicates). 

The parasite is almost purely potamophilous, 

of hosts and localities shows; 



in: 
Marine fish: 

Cottus scorpius  

Migratory fish: 
Salmo salar  

Freshwater fish: . . . . . 	. 	. . 	 . 
- Cottus pôecilopus 	Esophagus 	. 

. Gasterosteus . aculeatus  Body cavity. -  

Gabterosteus pungitius  
Gasterosteus spec. 

t t 

tt 

? 
East Prussia, 

'Normandy, Gi7eenland-
Sweden 
Lake Vyazero 
.(Russia) 

Rana esculenta  Intestine 
.50 

Pillau (East Prussia) 

Mammals: 

Phoca vitulina  
Phoca foedita 
Fetis domestica  

Rectum 
tt 

Baltic Sea 
It 

(acc.to  CREPLIN 
region of Baltic 
Sea?) 

Mature in: 	, 
Numerous aquatic birds 

. Its geographical distribution is limited almost exclusively 

the Baltic Sea and the surrounding coastal areas. 

Triaenophorus nodulosus  (PALL.). This parasite was 

ZSCHOKKE'(112) encapsulated in the liver of a Baltic 

It parasitizes mainly freshwater fish"as hosts and intermediate 



hosts. It has the following hosts: 

Marine fish: 
Relone acus. 	 ' 	Intestine' 

. 	Syngnatus hippocampus  . 	. tt 
Pleuronectes flesus 	Encapsulated 
Zoarces viviparus  - 	Encapsulated' 

in liver 

Migratory fish: 
. Salmo salar 	 .. 	Encapsulated'i, 

. . 	in liver 	- Baltic Sea 
Salmo trutta Encapsulated 

,in muscles 	? 

	

Anguilla vulgaris  - .- 	Intestine, - . 

Freshwater fish: 
Acanthopterygii: 
Anacanthini: 
Physostomi: 

5 	free in intestine ) 
1 ) and encapsulated 0 Central Europe 

23 ) in body cavity , ) 

Migratory fish are among both hosts and intermediate hosts; 

this may be one reason for the large distribution of this parasite. 

It is an interesting fact that the parasite seems to have become 

a regular inhabitant of the Baltic Sea so that marine and migratory 

fish alike can be infected there. Salmon, too, presUmably acquired. 

his Triaenophorus  infection there. The parasite spends its life 

encapsulated in the liver of the salmon •, dies there and forms -

concrements of a hardness similar to that of the concrements found 

by SCHnIDER in Zoarces viviparus. 

g. Purely_potamophilous forms:  
Abothrium crassum  (BLOCH). The bothriocephalid form 



Abothrium crassum  (BLOCH) is well known to anparasitologist 

examining SaImo salar  for parasites. Like Derogenes varicus  in 

,stomach and Ascaris capsularia in the body cavity, this cestode 

can be expected almost with certainty' in any salmon intestine. 
- 

In most cases the scolex lies in one of the caeca while the cha n 

tof proglottids forms convoluted loops at the entrance of the 

intestine and often extends far into the small intestine with its 
• 

loops. Frequently the number of parasites is so large that the 

'worms form large clumps.or complicated convolutions in the pyloric 

intestine.  In the salmon of the Upper' , Rhine, eàire-worms or smaller 

or bigger parts consisting of several proglottids each are found 

'occasionally in the terminal intestine. It seams as if the parasite 

left its host in fresh water. I shall return to this question :andir  

similar cases in another context further belew. 

- On an -average I found the parasite more frequently than 

ZSCHOKKE (114 - 58.23% of the examined salmon, that is more than 

.,half,.were infected with it. The intensity of infection  differed,' 

d..t was greatest in salmon from the lower course of the river. 

The average number of parasites in one fish was  l-20, but in most: 

cases the fish'had.only 1-2 spedimèns Which.were then very long.' 

'Only once Were 52 cestodes collected from  one  salmon from  the  

Lower Rhine, the maximumlength of ...,thèSe'cestodes, however,  did . 	- 
hardly ever'exceèdel5 cm.:Skeept'.In'the.aboVe-mentionedi:case, 



never found degrees of infection as high as those observed in th 

Baltic Sea salmon by SCHNEIDER and in Rhine salmon by ZSCHOKKE, 

but I found'sometimes giant specimens instead. Once I found in 

single salmon from the Lower Rhine 4 bothriocephalids which were 

70, 92, 95, and 97 Cm long, respectively. The longest proglottid 

chain I ever found was also in a Rhine salmon; it was 120 cm long. 

Here I would like to refer briefly' to the large number of . 

'synonyms of , Abothrium crassum (BLOCH). After intensive studies on 

parasites from Lake Geneva, ZSCHOKKE (10S) solved the problem of 

the difference between Bothriocephalus-probosbIdeils  RUD. and 

Bothriocephalus infundifpuliformis  RUD. by recognizing them as syno-

nymous forms. RIGGENBACH (86) showed that Bothriocephalus salmonis  

umbla  KULLIKER and Bothriocephalus suecicus  LbNNB., which LëNNBERG. 

(57) had introduced as a variety probably caused by climatic 

conditions, are also identical with Abothrium crassum.  LUHE (59) 

considered the cestode, introduced by MONIEZ (69,70) as the 

representative of a new genus, Leuckartia nov.gen. ) also synonymous 

to Abothrium crassum. 

The reason for this creation of new names for the same 

parasite, for these numerous confusions, is to a large part the 

changing and sometimes strange development of the scolex  of the  

parasite. 

1  studied this question at some length 



material, and I would like to summarize the results 

explanatory drawings. 

Scolex forms of Abothrium», 
crassum  (BLOCH) , 

,c,f - according to -
OLSSON (1876) 

- according to .ZSCHOKKE 
'(1884) 

- according to FRITSCH 
. 	(1894) 

drawn.from 
nature and preparations': 

. (1914-15) 
(1 = normal) 

The development of Abothrium crassum  has not yet been quite 	53 

clarified. SCHNEIDER (90) found larval stages of this cestode in 

Salmo salar and in the two coastal fish Clupea harengus metilbras  

and Cyclopterus' lumpus.  These adolescent stages were not sexually 

differentiated and lay free in the intestine. The larval forms which 

ZSCHOKKE (108) found in various fish from Lake Geneva, cannot with 

'certainty be classified as Abothrium crassum. 

. 	We know as little about the manner in which salmon gets 

infected with thiS parasite as about its development. We also do 

not know where and when. From the list of hosts we see'that 

Abothrium crassum is a purely potamophilous parasite.- Therefore, 



infection can *ake place only in fresh water oin possibly in the 

brackish water in the mouth of the river. 1 suspect that Salmo slar  

becomes infected with the parasite through feeding on small fish 

which carry the worm in some larval stage. The various species of 

stickleback would be above all concerned because they are known 

to be able to live equally well In fresh water, brackish water and 

salt water and they often carry this cestode. 

In any case, this question of infection has yet to b 

answered. Perhaps we are closer to a solution than we expect, for 

SCHNEIDER (91) pointed out that Bothriotaenia rugosa is very similal^:' 

to Bothriotaenia proboscidea and that the . differénces stressed : by 	. 

CHE (59) and RIGGENBACH (86) are negligible and not  constant. In  

his opinion, the distinguishing charaôteristics might be "included' 

in the range of variations of one species". If this were true and 

Abothrium rugosum could'be combined with 'Abothrium crassum,  thé 

latter would naturally lose its exclusive potamophilous character'. 
have to 

The list of hosts would/be extended to include, in addition to .the 	• 

8 migratory.fish and 20 freshwater fish, 10 marine  fish and '1' 

freshwater fish as hosts of Abothrium rugosum.  From the parasitologiàal 

viewpoint and in view of the mode of.infection of Salmà salar, 'such 

a combination of the two species could almost .be  encouraged.. I:» 

shall discuss this  question once more,in'the-fauhistic-biological 

:part. 
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a combinatioh e  forhe repor:té-that-Ab-ahrium  crassum  is the parapité 

of many marine fish, which would of course not apply if Abothriim 

- crassum'and Abothrium . rugosum  were  different forms.' 

. 	 . 	. 	 . 
'Perhaps TOSHts (99) statement is a1re4dy based_on such 

1 	--1 	 ___ , 	___-- 

ZSCHOKKEts statement (ll5) oh the occurrence of Abothrium 

rugosum  in Salmo salar  presumably is due to a mistake, 	least• 

there is not enough probf for the find. In any case, this case 

shows, too, how close we might have come towards a•  combination à 

Abothrium crassum and Abothrium rugosum. 

Below ,  a list is given of fish infected by Abothrium crassum. 

Marine fish (as intermediate hosts): 

Cyclopterus lumpus 	O Intestine 
Clupea harengus membras  

Migratory fish: 
- Salmo salar  

Salmo caspius 

Oncorhynchus keta 

- Oncorhynchus nerka 
Ooregonus oxyrhynchus  
Osmerus eperlanus  

'Freshwater fish: • 
Àcanthopterygii-  1 

Salmo trutta  

Salm0 salar, var.nobilis  

,Anacanthini: 
.YPhysostomi: 

1 

Baltic Sea 
T) 

Py1oric appen- -Arctic Ocean. 	• 
dages and in- -  North and Baltic . 
testine 	• 	Seas Atlantic 

Ocean (European - 
and American coasts) 
Baltic Sea, 
Sweden, Scotland: 
Murman .Coast 
(White Sea) 
Kara-Bogaz-Gol 
(Caspian Sea) - - 
Kamtchatka, , 
.Alaska 

Tt 

Gulf of Bothnia. 
TT 

TT . 

Tt 

tt 

) Belgium,France, 
l$ " Switzerland,Italy, 

) North America. 

Pyloric appenda- ) Russia,Scandinavia, 
: ges and intestine) Germany,Holland, 



geographical'. 

distribution. Abothrium crassum  is found In practicallyHall free 

waters of the Arctic and temperatezones of the northern hemisPhere. 

- Before I conclee this chapter on the salmon cestodes, 

wouldA to refer briefly to one parasitic species which for a 
 . 

time was erroneously'included in the  list of salmon parasites 

and was removed from there only 15y WARD (103). The species is 

Bothriocephalus cordiceps LEIDY. It parasitizes Salmo mykiss where 

it lives as larva in the body cavity. As mature form it parasitizes 

aquatic birds. 

Nemathelmintes: 

(c) Nematodes:  According to their origin, the salmon 

nematodes can be divided into the following groups: 

• çy.  Marine forms: 5 (3  of which parasitize the Rhine salmon) 

Marine-potamophilous forms: 2 (2 of which parasitize 

the Rhine salmon. 

Potamophilous forms: 2'(nbne of which parasitize the 

Rhine salmon. , 

Of the 9maematodes, 5 have been found'in Rhine salmon. We 

see from the summary also that.the'Rhine salmon doSs not Manifest 

The àbove list also shows the wide range of 



any purely potamophilous elementà.The salmon  of the  Baltic Sea,; 

 • ,the Weser, Tay and Tweed rivers carry in addition -to marine spelies:: 

 alào potamophilouà'species whie makes the life.of . these fishH appearY 

in a special light in biological respects. 

Marine forms: 

Ascaris adunca  RUD. I found Ascaris adunca, a parasite 

usually occurring in marine fish only, in the esophagus
Y
in the 

region of the pylône appendages and occasionally also In the terminal 

intestine. The fish infected by this parasite (9 Lower Rhine and 

3 Norwegian salmon) had many food remains in their entire digestive 

tract in addition - to the parasite. Ascaris adunca  presumably . 

entered the intestine of  the  salmon with  the food  - small fish" 

'(herring,: etc.). 

Almo.st always, the number of Ascaris adunca in one salmon 

was small; only once I found 78 specimens in the stomach and 

intestine of one single fish from the Lower Rhine. In that case, 

however, the digestive tract was crammed with food remains, too. 

With regard to outer appearance and structure of the organs,:2H56 

have nothing to add to the descriptions by RUDOLPHI (87), 

SCHNEIDER (89 - and v.LINSTOW (51).'Pemale spéciffiens were always 

in 	
, . 

the majorityamong>100 parasites=rfoundonly.4.male ones. 



The list of hosts is as oiiows- 

Stomach & intestine Mediterliandan, 
Atlantid'Ocean, 

) North and Baltic. 
) Seas. White Sea. 

..)South America 
) (Ushuaia) 

Marine fish: 
Acanthopterygii: 
Anacanthini: 

Migratory fish: 
•Salmo salar  

Osmerus eperlanus  
Alosa vulgaris  
Alosa finta  

• Alosa sapidissima  
Anguilla vulgaris  

. 	. 
Stomach and.intestine.. North and Baltic• 

:Seas. Rhine 
• • 
Bimini, Trieste' 

'North AMerica - 
-Gulf of Finland: 

A probable intermediate host is also an isopod 

entomon,  which is the staple food of'many small marine fish. 

- 11 

IT  

H, 

Vt .  

TV 

TT 
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Several specimens of 
Ascaris acuta RUD./this parasite werefound by TOSH 

(99) in the stomach of Tweed salmon. From the list of hosts it 

appears to be rare, and in Salmo salar  it is peesumably an 

accidental guest. 

Marine fish: 

_ Rhombus maximum 
Rhombus barbatus  

' Rhombus spec. 
Platessa plana' 

Migratory 
- 	Salmo Salar ' : - Intestine 

We knovnothing about the deVelopment - of'Ascaris acuta.• 

Intestine 
_n 
"- 

Padua 

Italy . 

North America 

TWeed 



Ascaris clavata RUD. ZSCHOKKE (110,112) found'thi 

parasite 8 times in Rhine salmon, always encapsulated in the 

esophageal wall or in the peritoneum. Presumably, tills migratory' 

fish became infected with Ascaris clavata  by feeding on gadids which 

are frequently parasitized by that nematode specieS. It is strange 

parasite was found to have encapsulated itself when 

sexually mature. Perhaps Salmo salar is not a suitable host for 

this nematode' species so that it tries to protect itself in that 

'manner, 

Marine fish: 

Acanthopterygii:  6 Intestine and 
stomach 

Anacanthini: 	16 
Physostomi: 	4  

) Atlantic Ocean, 
) North and Baltic' 
) Seas, Arctic Ocean, 
) Mediterranean. 

TT 	 TT 

TT 	 TT 

Migratory fish: 
Salmo salar  Rhine, Elbe, Ireland 

Salmo trutta 

encapsulated in 
body cavity, peri.L. 
toneum, esophagus 
encapsulated in 
peritoneum, intestine Ireland • 

Ascaris communis  (DIES.). This parasite was found 

by ZSCHOKKE  (112) ii the body cavity of varieus Rhine salmon.  The 

 fiwther development of this nematode larva is unknown. 

Marine fish: 

Acanthopterygii:  8 mostly encapsulated ) Bering Sea, Arctic 

	

in body cavity 	) Ocean, Scandinavia 
Anacanthini: 	.7.. 	" 	. 	" 	) Atlantic Ocean ›, 

) North America 

that  the 



mostly encapsulated 
in body cavity 

Migra,tory fish: 
Salmo salar  

Ascaris angulata  RUD. ZSCHOKKE (112) found a mature 

worm of this nematode species in the esophagus of a Rhine salmon. 

From the locality it could be concluded that the parasite was 

trying to leave 1±G host. Presumably, Ascaris angulata  is as much 

an accidental guest of Salmo salar as Ascaris clavata.  Usually 

the worm parasitizes mostly various Cottus species, as becomes 

clear from the list of hosts: 

Marine fish: 

Cottus scorpius  Intestine and stomach White Sea 
Cottus quadricornis 	Body cavity 	Baltic Sea 
Cottus bubalis 	Intestine 	 North America 
Lophius  pis catorius 	" 	 Ireland 

Migratory fish: . 
Salmo salar 	Esophagus (gullet) 	Rhine 

(3. Marine-potamophilous forms: 

Ascaris capsularia  RUD. This nematode larva which 

has been known for the longest time, almost always occurs in 

Salmo salar.  Again and again this undeveloped nematode is found in 

various organs of the body cavity, mostly enclosed in a shining 

white, sometimes slightly iridescent capsule. It is to be found 

everywhere - in the peritoneum, the liver and the spleen,  . across  



the entire outer wall of the intestine, between the pyloric app9e- ,, 
dageS.: 

Of the 170 examined Rhine salmon, 140, that is 83.3%, were wo ,e/S 

It4- ° 
infected with a total of 554 specimens. Often there were only few 

specimens in one fish, and then again many, but 17 was the maximum. 

Of the salmon from other rivers which I had an opportunity to 

examine, always more than half, often all of them were infected. 

ZSCHOKKEts (112) case, 76.5%, that is slightly less than for my 

salmon, of the material were infected,.but the number of parasites 

folind in one fish was considerably higher. He reports 20-30 specimens 

in one.  fish. 

The view that Ascaris capsularia can, if necessary, undergo 

a free-living stage between the larval and the mature stages, gave 

rise to many studies. RUDOLPH' (87), WEDL (106), also ZSCNOKKE (112), 

and most recently DEWITZ (17) demonstrated by tests that the parasite 

can survive in water for 2-3 weeks. My tests in this direction 

yielded similar results. Therefore a'free-living stage is not 

out of the question. The parasite issablei,to leave the dead host 

,(which, according to LEIDY, 47, is always the case) àr an unsuitable 

host to find probably better living conditionsïin another host. 

have nothing to add to the reports by RUDOLPH' ( 87), ,  

IDUITARDIN (20), et .c.' On the - Parasites:I found.' I wouldonly like 

- to relate very few -observations at this 



7 	 • 	
• ;7eeen-

',11 ,  
15-35 mm. The disc-shaped capsules contain . the animal involuted 

\. 
in one plane, the anterior end always towards the:edge', the - posïerior 

end in the centre of the disc. This observation agrees with the one 

made by McINTOSH (64). There was not one among the many hundreds 

of abcarids which was involuted in a different manner. The diameter 

of the capsule of connective tissue, flattened on both sides, is 

approximately 10 mm. With a slight tug the parasite can be pulled 

out of its capsule which surrounds its entire length like a tube, 

and then it rolls itself up again immediately. When placed in 

water, it moves with vivid, serpent-like motions. 

Ascaris capsularia  has a very wide range of distribution 
of all salmon parasites 

in every respect, in fact, the widest range/after tkatxm2 Scolex 

pleuronectis.  

Marine fish: 
Selachii: 
Teleostei: 
Acanthopterygii: 
Pharyngognathi: 
Anacanthini: 
Physostomi: 
Lophobranchi: 

Migratory fish: ' 
Salmo salar: 

Oncorhynchus keta  
Oncorhynchus  
tschawytscha  

Oncorhynchus nerka  
Alosa vulgaris  
Alosa sapidissima 
Anguilla vulgaris  
Acipenser sturio  

3 mostly encapsu- 
lated in and on (D 

33 the various organs) 
3 of the body cavity 

40 rarely in'the. 
9 intestine 
2 	. 	 - 

mos -tly encapsulated Rhine, Elbe, 
Norway, etc. 

in and on the various ) 
organs of the body 	) 
cavity; rarely in the ) eastern 
intestine 	 ) Kamtchatka 

Warn emiinde ( Baltic 
North America. 

TT 

Italy, Adria 

Mediterranean, 
Atlantic Ocean, 
North and Baltic 
Seas, North 
America (Atlantic 
coast). South 
America (Chi1e)'' 



Migratory fish 

Acipenser - Gtifdenstgdtii  free in intestine Caspianl;'. 

	

: Freshwater fish: 	 . 
Esox lucius 	Muscles . 
Thymallus vulgaris  Body cavity . 	Wurttemberg - 
Lota 	vulgaris 	 TT 	 Lake Geneva:; 

- . Also in Diomedea spec.  (Kamtchatka) and in Phocaena  
communis 

ZSCHOKKE (115) has already discussed the occurrence of 

this parasite in the purely potamophilous fish Esox lucius, 

Thymalius vulgaris  and Lota vulgaris: 

From all:these observations and  examinations ancbfrom  the 

 above list we see that Ascaris capsularia  is a widely distributed 

very common fish parasite. Further studies will perhaps clarify 

the life cycle of this ascarid larva..They will also show. whether 

STOSSICH is correct if he says that presumably capsule-forming . 

larvae of various ascarids are classified under'Ascaris  capsularia.  60 

If this is the case, the list of intermediate hosts and the geo-

graphical distribution of Ascaris capsularia  will be considerably 

reduced. 

Cucullanus elegans  ZED. There is little proof for 

•CREPLINT.s report (17) that Cucullanus elegans,  a nemetode purely 

potamophilous with one very doubtful exception, was found in the 

intestine of Salmo salar.  Unfortunately, CREPLIN did not give 

a morphological description of  the  worm he found or details on 



Intestine 
ti 

” 

TV 

It 

Freshwater fish: 

Pharyngbgnathi:  7 Intestine, 
Anacanthini: 	1 	TV  

Physostomi: 	10 	•". 

stomach 
)Europe 

- 

the origin of:the infected salmon. Perhaps it was a Baltic Sea 

salmon. 

DUJARDIN (20) found the only marine host, Labrax lupus, 

infected with Cucullanus elegans.  The author does not say where 

the fish came from. Perhaps it was a Labrax  from a fish-pond, as 

this speéies is often raised and bred in ponds. 

Cyclops guadricornis  and Asellus aquaticus have long been 

known as intermediate hosts. 

The following list may inform on the hosts established 

until then and on the geographical distribution of the parasite: 

Marine fish: 
Labrax lupus 	Intestine 

' Migratory fish: 

Coregonus oxyrhyn  chus  
Osmerus eperlanus  
Salmo salar  
Salmo trutta. 
Anguilla_vulgaris  

Adria? • 

Greifswald?• 
It 

TV  

G3rz i  Trieste 
Switzerland, Bohemia, 
East Prussia 



Purely_potamophilous forms: 

Ascaris aculeati  v.LINST. ZSCHOKKE (112) found thie 

rare parasite only three times in Baltic Sea salmon, I found itlonce 

in a Weser salmon, unfortunately in a highly damaged condition, 	61 

the parasite showed only the characteristics required for classi-

fication and identification. Von LINSTOW (51) found Ascaris  

aculeati  for the first time in 1884 in Hameln in  Gasterost eus 

acuelatus,  and has described also embryonic and larval stages of 

the parasite. The appearance of my specimen which I found coiled 

up in a capsule in the esophageal wàll, agrees with that description. 

We can only speculate on the way in which the salmon was 

infected. It might have become infected directly in fresh water; 

on the other hand, Gasterosteus aculeatus  perhaps plays the role 

of intermediate host and carrier as in the case of Abothrium crassum. 

Ascaris obtusocaudata  RUD.TOSH (99) found this 

parasite in a Tweed salmon. It is a typical salmonid parasite of 

purely potamophilous character. Its hosts are the following: 

Migratory fish: 
Salmo salar 	Stomach 
Salmo trutta 	Stomadh, in- 

testine 
Coregonus oxyrhynchus  



Freshwater fish 
- Salmo lacustris 	-Intestine - - -Lake-of Lucerne 

Salmo fario 	
. 

.testine 
. Coregonus Wartmannii 	." 

Stomach. in- 
Rennes Ireland 

Unidentifiable nematodes.  In the course of their 

parasitolOgical studies of salmon, McINTOSH (64), , but also 

ZSCHOKKE (110,112) )
found nematodes which could not bé identified;-. 

they were either damaged, stunted specimens or completely,undévelOped -

individuals. I ., too, found often nematode-like animals the systematic. 

position of - which I was unable to establish. Very ,freqUently  I. 

found straney.stunted structures between the - pyloric appendages:: 

or in the peritoneum..In most cases they were shaped like a club,-  

and often covered with a sheath. After removal of the,cover of 

- connective tissue, a hard, granularimass remained. I examined these. , 

structures more thoroughly and came to the conclusion that they 

were degenerated and dead nematodes, presumably Ascaris capsularia, -  62 

which had been -e-e-strangely transformed by the calcareous concretions 

of the tissues surrounding them.-McINTOSH had come to a similar 

conclusion in his report (64). 

In addition to these calcareous. concretiOns, nematodes 

encloded  in  cysts in the esophageal wall were found which were. 

as transparent. as  glass, had no definite•outer orinner characteristics, 

were only a few millimetres long, and could not be'identified, They' 



may have been embryonic stages of some nematodes. 

The following authors, :boo, mentioned unidentifiable 

encapsulated;nematodes in Salmo salar: 

In 1896, ZSCHOKKE (114) reports two ascarid species, 

d. Marine forms: 2 (2 of which parasitize_the_Rhine 

àalmon. 

/. Marine-potamophilous forms: 5 (2 of which parasitize 

the Rhine salmon. 

Potamophil6us forms: 1 (1 of which parasitizes the 

Ascaris spec.I and Ascaris spec.II, without detailed identification 

and description. 

In 1901, LINTON (56) briefly describes a nematode spedies 

from Salmo salàr  and also depicts it.We,can only speculate'on 

what speciesdt belonged to; perhaps dt Was.  Ascaris capsularia 

as already pointed out by the author.. 

t. 

(d) Acanthocephala:  The parasitic fauna of the salmon 

includes very few ACanthocephala, both numerically and by species. 

So far 8 species are known, not counting the questionable and . • 

inaccurately : described forms mentioned occasionally in literature. 

By origin, they divide into the following .3 groups like the rest 

of the salmon parasites: 



Of the 5 marine-potamophilous parasites, 4 infect pre-

dominantly freshwater fish and only one, Echinorhynchus gadi,  para-

sitizes mainly marine fish. Thus the acanthoceplihaan fauna of Oe 

salmon is predominantly potamophilous and only to a small extelt 

marine. 

c. Marine forms: 

Neorhynchus agilis  (RUD.) 1 . ZSCHOKKE (112,114) found 

this species very rarely in the gullet and the esophagus of North . 

Sea and Rhine salmon. It is purely.marine,'as the following list 

of hosts shows: 

Marine fish: 

Selachii: 	1 Intestine ) Mediterranean, North 
Teleostei: 	 ) America (Woadshole) 
Acanthopterygii:  6 
Physostomi: 	1 	 ■ 

Migratory fish: 
Salmo 	salar 	Esophagus and gullet -  .Rhine, North Sea- 
Anguilla vulgaris  Intestine 	 North America 

The geographical distribution of Neorhynchus agilis  is 

interesting. The parasite seems to live mainly in the Mediterranean 

and on the Atlantic coast of North America. Only migratory fish carry 

1 The generic name Neorhynchus  is to be replaced by Eorbynchus,  
according to VAN CLUAVE (Eorhynchus  a proposed name for Neorhynchus  
HAN. Jour.of Parasit.No. 1,1914), since the first name is already 
being used. I have refrained from discussing this point here in 
detail. 



it further. north. It has never been àbserved  n  the:Arctic 

and in the BaltiC Sea. 

Echinorhynchus heteracanthis nov.spec. In•November 

.1912, I found a - strange acanthocephalan form between the pYlorio 

'appendages of a Rhine salmon caught above Basle. The parasiteSad- 

attached itself to the connective tissue of the anterior appendage 

• with 1 -ks protruding probàscis, its body extended free into the 

body cavity. It had a yellowish-white colour. 

The only specimen I found is female according to my 

findings. The parasite is 12 mm long from the sheath of the proboscis 

to the posterior end, its maximum width of 0.972 mm is in the 

anterior, par t.  of the body. 

A short, club-shaped proboscis is followed by an even shorter 

neck defined from the proboscis by a weakly indicated furrow. 

A clearly defined furrow, on the other hand, separates the neck 

from the body. The latter is diVided into two completely different 

parts which I would like to call anterior and posterior part of 

the body (see' Fig.2 in the text). The anterior part is round at 

its  ends adjoining the neck, and it is shaped like a truncated cone. 

Towards the rear it widens constantly and gradually becomes a 

bulge which,  on  account of its shapeyte,..-I-would-lik-e—t-o call ring-like 

bulge. The anterior parf- Of the body bears spines and contains 

64. 
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the sheath of the proboscis and the lemnisci. The;round posteriq 

part of the body follows the anterior part directly, without -,f 
constriction, but at its origin it is after all a little narroWer 

than the ring-like bulge of the anterior part. It increases gradually 

in circumference from front to rear and terminates shortly truncate. 

It contains the genital organs, in my case the female ones. 

Fig.2.  

Echinorhynchus heteracanthis nov.spec„ 

r - proboscis, h - neck,.:v.k - anterior  part,' 
hlç - posterior part of the. body . ; /' • 	. 

From the tip to the neck furrow, the proboscis is 0.738 mm 

long, its maximum width, slightly behind the middle, is 0.486 mm.. 

It is armed with 18 longitudinal rows of 8 hooks each. The 144 

hooks occupy the usual quincux . They differ in size and shape so 

that we can distinguish 3 different types. The first hooks of each 
off 

row are slender and pointed and staftdt/slightly from the body. 

Their roots are 'approximately as long as thehooksi,themselveà.' 

. • 



. 	• 
These hooks are followed by  the  longest and. strongest - hookSsàf . .qch 

• 
.row..Thelatter originate with a broad base from roots which•har 

JY 	• 
the same width, and they are approximately 0.1085 . mm long.. The:toot_ 

is 0.1178 mm long and not deeply inserted into the skin; the root;,) 

is therefore slightly longer than the hook itself. The hooks are 

strdngly curved so that . the tips stand parallel to the surface 

the body. These strong hooks are follbwed by hooks which could be 

compared to spines: they have no roots, are hardly curved and stand 

off from the body. From front to rear their length also increases, 

the seCond last'hook being the longest, but:also the most slender -

hook of all; it is 0.0992 mm long..The last hooksof each row ere 

again shorter. (0.0713'mm); they also disturb somewhat the normal 

4uincuncial arrangement because theystand more or less on one line.: 

1 did not find any canals inside the hooks. Rarely the tips 

are curved outward. They are armed in the same manner in the same 

zone in•  all longitudinal rows so that we cannot distinguish between 

ventral and dorsal surface. 

: 
	

The proboscià is f011owed by -the - short, unarmed, conical - . 

neck It is 0.306 mm:long.-: 	- 

The anterior part of the body is 0.810 mm long, its maximum 

width at the ring-like bulge is 0,972 mm. The anterior part bears 

strange hooks which again differ in size and shape from each other. 

They are completely imbedded into,the body skin which they raise' 



t with them creating a structure resembling -kiebroad-tip.of a lanc. 
.4 

V M<1 Fig.3.  

Echincrhynchus heteracanthis  HEITZ 

Types of hooks:aib - of• the proboscis 
Y - c d - of the anterior part 

of the_body 

The shape of the skin lobes differs widely. In the first row the 

lobes are short and bottle-shaped; farther towards the rear we find 

lobes with approximately the shape of an equilateral triangle. 

Particularly those located on the ring-like bulge resemble scales 

of a fir cone. In the front these lobes are at a greater distance 

from each other, while towards the rear they approach each other 

so closely that the pattern looks like an accumulation of regular 

rhombi.. 

I tried to count the number of transverse rows and the 

number of hooks or lobes in one row, but • found it very difficult 

on account of the strong contraction of the anterior part of the 

body. There are approximately 22 transverse rows the last 8 of 

which are located on the ring-like bulge. The anterior rows have 

between 26 and 32, the rows on the bulge approximately 72-80 hooks. 

, 



The hooks themselves are rather thick, pointedly triangplar 

and slightly curved inward, with a blunt tip. The anterior hoo 

are more slender than the posterior ones. Also, the anterior hooks 

are slightly ilinuated towards the inner side near the base. They 

are Cr.0310 mm long. They do not have roots. The posterior hooks 

domot have roots, either, and are shaped like broad clubs and ohly 

slightly curved. They are 0.0434 mm . long. 

The posterior end of the anterior part of the body does 

not have any more hooks, neither ventrally nor dorsally. SimilarY, 

there are no hooks at the end of the posterior part of the body, 

a sex characteristic which is often,encountered in females of 

species with armed body. 

The diameter of the round posterior part of the body changes; 

it decreases slowly from front to rear. Immediately behind the 	L. 

ring-like bulge it is 0.792 mm wide, in the middle 0.666 mm, and 

shortly before the end only 0.468 mm. 

From the degree of developmentaof all organs we see clearly 

that we are dealing with a larval stage, although far advanced. 

« I will try to describe the animal as accurately as possible from 

the very transparent total preparation of the larva, so that it 

'will be recognized in later studies and finds. 

The thickness of..the body covering'of Echinorhynchus  

heteracanthisvaries indifferentplaces.Iri 'geher'al,, it increase,s, 



from front to rear, and is greatest on either,!side of the vagin4. 

The body does not show any girdling. 

The lacunar system of the body consists of 2 longitudinal 
c&lo 

.branches extending a-cress the ,  entire body which are connected witli 

each other by ring canals at a right angle to the body axis. The 

two longitudinal canals are connected with the two large, leaf-shaped, 

wrinkled lemnisci which lie on either side of the sheath of the 

proboscis. Their average length being 1.710 mm, they extend beyond 

the sheath  .of the proboscis. The latter is a muscular, double-walled 

sac. It ià 1.566 mm long and has a maximum width of 0.414 mm. 

Inserting in the inner wall of the neck, the sheath extends through 

the neck and the entire anterior part of the body, well into the 

posterior part of the body. The size of the sheath which consists 

of 2 strong, closely adjoining muscular cylinders, : lndicates that 

the entire probosciscan be retracted into,it. 

The unpaired Retractor receptaculi is a direct continuation 

of the Invaginator rostelli. It leaves the sheath through a crater-

like opening of the outer muscular cylinder and extends obliquely 

. tqwards the body wall as a thick„strong- muScialaFbïindle. Here it 

inserts by the individual fibre bundles assimilating into the 

longitudinal muscles ce the body. The retradtor is'approximately 

0.954 mm long. 

The nervous system is charadterized by theretinaculum 



of 
which•Echinorhynchus heteracanthis seems to possess only one. 

•In spite cf high magnifications and careful examinations  1 have 

not succeeded in finding a second retinaculum like in other.  

acanthocephalans. 0.250 mm from the posterior end of the recepta-

culum the nervous bundle from the inside of the sheath penetrates 

the sheath muscles. This point of exit is marked by a slight 

elevation of the muscular walls where the muscle fibres surrounding 

the nervous bundle originate which together with the latter form 

the very strong retinaculum extending obliquely . towards the body. 

-wall'. It is 0.810 - mm long. From the course  of  the nereus bundle 

'inside the sheath it seems.that the centràl nervous system lies 

in the Middle or even farther.towardS the.Éront in the sheath. 

The posterior part of the body cavity contains the female 

genital organs which consist of three parts; they are fixed in 

their position by the ligamentum suspensorium. The beil-oDthè uterus, 

the uterus and the vagina are clearly distinguishable. 

• On the ligament, approximately 0.306 mm from the bell of 

the uterus, the rudiments of a single, large ovarial disc are 

.'visible. It consists of different cell cluster, complexes of varying 
, 

sizes..Presumably these are  the rudiments of the development .  of 

cell sclUsterà from which .the eggs are formed. I did not find any. : '1:, 

mature eggs''anywhere in the genital organs; 

.The bell of the uterus is a complicated structure of several 68. 



large cells. The bell proper is very short and  ring-shaped. It 

followed by the base of the bell which consists of a few large 

cells. Above the lateral cells of the base we find the large, 

tubular bell pauches which are swollen to spherical shape at the 
far 

ends and extend/beyond the bell frontward. Inside they are hollow. 

Elongated, narrow cells of the base of the bell extend rearward 

and combine to form the two narrow oviducts which project into the 

anteriormost part of the uterus. 

The uterus embraces the posterior part of the base of the 

bell, then tapers off quickly and extends toward the vagina as 

a thin canal with its lumina close together. The vagina consists 

of two unequal parts, namely the well developed sphincters and 

the glandular cells lining the vaginal canal. These cells surround 

the vagina in varying thickness l(hich is greatest in front of and - 

behind the sphincters. The entire structure. which consists of • 

4 cells with their nuclei lying in the complex behind the 'constric-' 

• torà , . has a secretory function. The glandular cells are encircled 

by the 3 sphincters, the 2 inner ones one behind the other, and 

the third one surrounding these . two. Together_they-foim -àtrong 

muscles presumably designed-  to squeeze the eggs from the vagina -

through the narrow canal. The vulva lies . at  the end of the posterior 

part of the body and is shaped like a . pointed, funnel-shaped 

depression. 	 • 



What then, is the systematic status of this strangely 

'41 

built parasite and its relation to other marine and potamophilcps 

fish acanthocephalans. We must not take the unilateral development , 

of the nervous system, the retractor of the sheath of the proboscis 

and of the ovary to be specific or generic characters, for we cannot 

say from one specimen whether •they are abnormal or constant 

developments. 

On account of its armament and its shape, this new 

acarithocephalan from Salmo salar closely resembles Corynosoma (LURE), 
greatly 

but differs/from that genus in various respects. 

LUHE (63) mentions three genera with hooks on the anterior 69 

part of the body: Polymorphus, Filicollis  and Corynosoma.  They 

differ, however., in structure, armament,inner organisation and  • 

in their hosts and intermediate hosts. 

The new form shares the characteristic of the axial position 

of the proboscis with Polymorphus  and Filicollis.  Although in the 

specimen  1 exanined the proboscis and the neck are slightly 

oblique, they are .not bent dorsad or ventrad e the typical position - 

.for Corynosoma.  Only a strong contraction of the muscles influences 

the position of the proboscis. The hooks, too, are different from 

those of Corynosoma and rather resemble those of Polymorphus and 

Filicollis.  There are hooks only on the anterior part of the body, 

-and there are none either on the dorsal or the ventral side of the 
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posterior pa*c of the body. 

The new species differs,distinctly, however, from PolymQrphus  

and Filicollis  by the structure and the hooks of the proboscis, 

and by the shape of the entire body and its hooks. Also, the 

two other genera are found only in aquatic birds. 

Let us compare this parasite with other fish acanthocephalans. 

It closely resembles Echinorhynchus serrani from Serranus artrarius, 

form introduced by LINTON (55), also Echinorhynchus annulatus MOL. 

(68), but identification is impossible. Poth those species have 

many more hooks on the proboscis. The anterior part . of the body of 

Echinorhynchus annulatus (= bisulcatus) has a very similar 

structure, but its hooks are divided into 2 distinctly separate 

belts. The new acanthocephalan does have places with a considerably 

smaller number of hooks, but we cannot regard these places as a 

zone completely free of hooks. 

In its outward appearance, with the exception of the hoOks 

on the proboscis, Echinorhynchus serrani  LINT. is very similar to 

this salmon parasite. Especially the hooks on the body as depicted 

.by LINTON (55) in Fig.30 resemble those of the new species very 

closely. 

Therefore the new salmon acanthocephalan . cannot be assigned 

to either one of the groups mentioned, but occupies an intermediate 

position between the genera Filicollis  or Polymorphus  and Corynosoma. 



As only one specimen of this new parasite is avaibble wh4.ch 

makes it difficult to establish characteristics on which a new k 

' 

genus could be based, I have refrained from introducirig a new gènus 

and have called the new salmon parasite, a representative of the 

family of Acanthocephala, Echinorhynchus heteracanthis nov.spec.  

Acanthocephale nov.gen., nov.spec., 1914. In the 

summer of 1914, 1 found an acanthocephalan in the parasitic material 

from the Russian Kamtchatka expedition which was very similar to 

the one described above. In the publication on the parasites of 

Salmonidae from Kamtchatka (116) it is referred to me -ely as 

Acanthocephalel  nov.gen., nov.spec.  from the intestine of On corhynchus  

nerca. 

. . 	Already when I examined Echinorhynchus heteracanthis HEITZ' 

from Salmo salar, I noticed the great similarity of the two forms; 

therefore I examined the acanthocephalan from Kamtchatka once mOre-

\iery . thOrOughly. As studies of fairly extensive comparative 

material of àdanthocephalan Species dreW my attention to various.: 

errors  made  in previous  descriptions of the.worm,'I would like. t 

1 Correction: In the publication  by ZSCHOKKE and HEITZ "Endoparasites 
of Salmonida from Kamtchatka" (Rev.Suisse Zool.,Vo1.22,1914) the 
word Acanthocephale  on page 231 was by mistake printed as if it were 
a new genus. This, however, is not the case. The name was merely 
used to signify.that a new parasite had been found (nov.spec.) which 
belonged to AcaLthocephala and presumably was at the same time 
a specimen of 'a 	genus (nov.gen.). 

0 
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4 
report briefly on the new observations in connectioni with those 

old findings Which are correct. I  would also like to name this p 

acanthocephalan, hitherto without name, which according to the 

4. ind written communication by Professor M. LUHE is a representative 

of a new genus. However, 1 refrain from introducing a new genus 

' , for the same reasons as in the case of Echinorhynchus heteracanthis, 

and merely introduce a new species, but this species nova  and 

Echinorhynchus heteracanthis are systematically very closely 

related. 

Echinorhynchus caenoformis nov.spec.  Length 6.7 mm; 	71 

. maximum width 0.756 mm. Short cylindrical proboscis which thickens ' 

slightly in the centre. The proboscis is 0.54 mm long and has a 

maximum_width of 0.324 mm. 18 longitudinal rows of 6 hooks each  of 

 varying sizes and shapes. The 5 first hooks of each longitudinal 

row are large and strong. The root is 0.071 mm, the hook itself 

0.083 mm long. The latter bends sharply rearward from the root, 

is straight and pointed. Very thin longitudinal canal inside the - 

hook. The last hook of each longitudinal row is shorter than the 	• • 

Other hooks (0.0558 mm), has no root, and stands off from the 

surface of the proboscis. Conical short neck. 

The body consists of an anterior part which is pear-shaped. 

and has hooks, and of a posterior part which is thinner and round 

and becomes thinner towards the rear. (In the:two sPecimens, tho  
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the anterior 'part of the body is shortened considerably by a 

strong contraction of the body muscles and is therefonswolleh yo 

such an extent that it extends beyond the posterior part, equally 

shrunk on account of the muscle contraction, like a hat). End of 

body rounded, without hooks. Hooks only on the anterior part of 	, 

the body, no continuation beyond that, either ventrally or dorsally. 

The bases of the hooks on the anterior part of the body are 
long 

thickened into .clubs, and the hooks themselves are 0.456 mmA  and 

are terminally blunt. The skin is raised by the tips of the hookà, 

forming scale-like structures. The sheath of the proboscis is 

a closed muscular sac with double walls. It inserts betwéen proboscis 

and neck, and is 0.684 mm long. Retractor of the proboscis inserts 

on the top of the Proboscis. There are two retractors for the 

sheath of the proboscis, they lie very close together and are 

parallel. Only one retinaculum visible. . 

ed 11 .5J 
sheath of the proboscis. 2 longitudinal canais .extending aerees 

the entire body are connected with each other by ring-shaped 

lateral branches and represent the excretory vessél. The ligamentum 

suspensorium (in the previous deseription erroneously called only 

muscular bundle) visible throughout the entire body. Genital organs 

not recognizable with the exception of the sphincters encircling 	. 

the vagina. At the end lies the vulva (not excretory pore as the 

previous description has it). 

loAg 
The sac-like lemnisci are 0.864 mmend extend beyond the 



Migratory fish: 
Salmo salar 	Intestine 
Oncorhynchus nerca 	tt 
Oncorh  nchus keta 	tt 
„Alleuil  a vulgaris 	It . 
Acipenser sturio 

Freshwater fish: 

Esox lucius  

Lota vulgaris  
'Acerina cernua  

Leuciscus idus. 
Silurus glanis  
Coregonus lavaretus  

Baltic Sea, Rhine, Tweed 
Eastern Kamtchatka 

Königsberg 

Baltic Sea (Gulf of 
Finland) 
Baltic Sea.Scandinavia 
Baltic Sea (Gulf of 
Finland) 

tt 	lt 

? (according to MUHLING) 
Csel Island (Baltic Sea) 

Intestine 

Tt 

TT 

tt 

TV  

It lives in the intestine. 

Host: Oncorhynchus nerca. 

Geographical locality: Kamtchatka. 

Marine-potamophilous forms: 

Echinorhynchus gadi  M (JLL. This acanthocephalan was 

found in Salmo salar  from the Rhine, the Tweed and from East 

Prussia. The following list giyes its other hosts and its geo-

graphical distribution. 

Marine fish: 

Selachii: 	4 
Teleostei: 

Acanthopterygii:18 
Anacanthini: 	31 
Physostomi: 	4 
Plectognati: 	2  

Intestine ) Atlantic Ocean 
) (European and Ameri-
) can coasts). 

• TT 	) North and Baltic Seas 
TT 

tf 



I shall not deal with the manner in which the 6 freshwatier 

fish were infected with Echinorhynchus gadi,  for the developmeny 

of the parasite is still unknown.  I  would only like to point out 

that all infected freshwater fish _came-from - the coastal idt-ers and 

the brackish water relions of the Baltic Sea. Since the parasite 

is strongly marine, it.is  not surprising to .find it in Salmo salar. 

Echinorhynchus salmonis  MULL. FRITSCH (24) found 

this acanthocephalan in Elbe salmon, TOSH (99) in Tweed salmon. 

It is predominantly potamophilous and its range of distribution 

includes mainly the countries adjoining the Baltic Sea. 

It 

Tt 

ft 

T t 

Marine fish: 

Gadus morrhua  

Rombus maximus  
Zoarces viviparus  
Clupea harengus membras  
Pleuronectes flesus  

Migratory fish: 

Salmo salar 
Salmo trutta  

Osmerus eperlanus 
Anguilla vulgaris  

tt 

11 	 It 

TT 	 ft 

TT 	 11 

Baltic Sea, Elbe, Tay 
Baltic Sea (Gulf of 
Finland) 

Tt 	11 
tt 	• 	tt 	tt 

Intestine Baltic Seal(Gulf of 
Finland) . 

Intestine 
tt 

Freshwater fish: 
Acanthopterygii: 1  Intestine )  Baltic Sea (Gulf of 
Physostomi:  9 tt ) Finland. Lake Onega 

) (Russia) 
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All the marine fish mentioned above live in the brackish 

water regiOns of the Baltic Sea where they presumably also infected 

themselves with the acanthocephalan. Even' the migratory fish may 

infect themselves with this parasite in brackish waters. According 

to SCHNEIDER, Pontoporeia affinis, an amphipod which lives both 

in fresh and brackish water, acts as intermediate host. It is likely 

that in the North Sea a similar arthropod form acts as'intermediate 

host and the migratory fish living there, in particular Salmo salar, 

become infected with Echinorhynchus salmonis  in the mouth of the 

river, in brackish water. 

Acanthocephalus lucii  (MULL.). This parasite is even 

more strongly potamophilous; at the same time this acanthocephalan 

is widely distributed among marine and freshwater fish. This is 

possible particularly on account of its intermediate host, Asellus 

aquaticus,  which is very common and widely distributed itself. 

By accidentally 'swallowing such an arthropod, the Tweed salmon which 

. TOSH (99) had once found infected with Acanthocephalus lucii, could 

have become infected with that parasite in fresh or brackish water. 

Marine fish: 
Acanthopterygii:  6 Intestine ) Atlantic Ocean. 
Anacanthini: 	6 	TT 	) Mediterranean. North and 
Physostomi: 	2 	tt 	) Baltic Seas 	. 
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Tweed 
Sweden 
? (according to LURE) 
Trieste. Ems. Baltic Sea 

Migratory fish: 
Salino salar 	Intestine 
Salmo trutta 	. tt 
Coregonus oxyrhynchus  " 
Anguilla vulgaris 	 ft 

Freshwater fish: 
Acanthopterygii:  5 
Anacanthini: 	1 
Physostomi: 	22 

Intestine ) 
tt 	)Northern and Central 

)Europe 

Pomphorhynchus laevis  (Zoega). This parasite which 

is very common in\ marine and freshwater fish, is found occasionally , 
'mostly 

also in Salmo salar,/encapsulated in the peritoneum. Very rarely . 

it is also found in the intestine as a mature worm; only once 

in a Scottish salmon. In Rhine salmon it has always been found in 

larval stages. ZSCHOKKE (112) found it 4 times in 129 Rhine salmon; 

among 170 similar fish I. found it only twice it 4 specimens. Thesel 

larvae agreed completely with the pictiare described by HAMANN for 

Pomphorhynchus laevis,  and the most advanced acanthocephalan had 

• almost exactly the same appearance as HAMANN depicted for the 

larva of Phoxinus laevis.  Therefore it is not necessary to give 

any morphological details here. 	 •  

As KOEHLER (45) has demonstrated, encapsulated Pomphor-

rhynchus laevis often die if they cannot develop further. ZSCHOKKE 

has shawn that the acanthocephalans which encapsulated in the 

salmon, have the same fate (112). This is the same phenomenon we 
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have encountered frequently in cestodes (Coenomorphus grossusnd 

in nematodes (Ascaris capsularia). 

acanthocephalans, we probably know most about the 

mode of life of Pomphorhynchus laevis.  I  refer here in particular 

to the studies by HAMANN (33,34), ZSCHOKKE (113) and FEHLMANN ( 21). • 

fi .ncti 	• 

Salmo salar  is known as 	and as intermediate host, 

both in the Rhine and in Scottish rivers. It is difficult to say 

how the fish become infected in either case. A few speculations shall 

be discussed here; for further details, reference should bé made 

to the biological-faunistic part. 

In the Rhine, HERMANN (37) and HOEK (40) found Pompho- 	75 

rhynchus laevis  as mature worms in young salmon descending t.o the 

sea. Would it not be possible for young salmon to infect themselves 

with eggs? From those eggs the embryos hatch which attach them-

selves somewhere in the body cavity, encapsulate themselves, and 

stay there throughout descent and ascent and the stay of the fish 

in the sea. 

Here again certain Gasterosteus  species, which are known 

to act as hosts and intermediate hosts of Pomphorhynchus laevis, 

might play a part. 

Occasionally Pomphorhynchus laevis was observed in marine 

fish, a fact which is very strange and which ZSCHOKKE (112) therefore 



Intestine: also 
encapsulated 
Intestine 

Tt 

tt 

tt 

Tt 

Migratory fish: 

Salmo salar: 

Salmo trutta  
Osmerus eperlanus  
Alosa vulgaris 
Anguilla vulgaris  
Acipenser sturio  
Acipenser huso  
Acipenser ruthenus  

Tweed, Rhine, White 
Sea? 
? (according to LÏHE) 
? (according to PFEILER) 
Memel 
Wurttemberg 
Baltic Sea, Upper Italy 

Europe 

according. to ZSCHOKKE 

regarded with great suspicion. It would be possible to explain • 

the occurrence of the parasite in marine fish, particularly in 

predatory coastal fish, by its wide geographical distribution and 

the large number of possibilities for infection. According to 

a helpful communication by Professor Dr. ZSCHOKKE, PompWorhynchus  

laevis  also occurs as a rare guest in dolphins. These voracious 

predators may eaSily become infected with the parasite by feeding 

on migratory fish, in particular on the larva-carrying salmon and 

the marine trout.-  

The follewing list provides information on its hosts and 

its distribution. 

Marine fish: 

Acanthopterygii: 
Anacanthini: 
Physostomi: 

8 Intestine ) Baltic Sea, North Sea. 
7 	 ) Atlantic Ocean 
2 	 ) (American coast) 

Freshwater fish: 
Acanthopterygii:  5 Intestine 
Anacanthini: 	1 	it 
Physostomi: 	39 

Mammals: 

Dolphins 
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. Ae, 

Echinorhynchus truttae  SCHRANK. It is still very r• 

doubtful whether this parasite belongs to the parasitic fauna 

of Salmo salar, for the reports on salmon infected with it are 
«. 	_ 

C
_ 

rather uncertain. Once , in the Vienna-Helminthic ollection 9  it is  __ ---- -- 
reported to have been- found in salmon, and HERING (36) mentions 

it a second time from salmon in his "Parasitic fauna of Wurttemberg". 

More accurate morphological details and details on the origin of . 

the infected salmon are lacking. 

There are also only a few data on its occurrence in other 

fish: 

Marine fish: - 
Opsanus tau. 	Intestine :North America (Atlantic coast) 
Salmo erytraeus? 	TT 	Bering Islands  •. 

Migratory fish: 
Salmo salar 	Intestine 	Neckar? Vienna? 
Salmo  trutta 	Tr 	Prussia 

Freshwater fish: 

Ihm21111s_znImtris Intestine G3ttingen, Vienna 
Salmo fario 	 Prussia 

It is also impossible to say from the available information 

whether the parasite is predominantly marine or potamophilous. 

Therefore we cannot make any statements on the place and manner 

of infection of Salmo salar. 

MUHLING (72) includes also Echinorhynchus truttae  in his 

Iist of parasites of Salmo salar. This seems to have been a mistake 



Neorhynchus rutili  (ZED.). ZSCHOKKE (114) found this 

acanthocephalan once in a Dutch salmon. From the locality it seems 

that the fish was infected with the purelytpotamophilous parasite 

in the mouth of the river, similar to the frogs of Pillau on which 

MUHLING reports (72). The following list shows its hosts and its 	77 

geographical distribution: 

Potamophilous forms: 

Intestine 
tt 

4 
1 

Intestine 
17 

, 	11 24 

Migratory fish: 
Salim salar  
Salmo trutta' 
Anguilla vulgaris  

Freshwater fish: 
Acanthopterygii: 
Anacanthini: 
Physostomi: 

Lower Rhine 
Sweden 
Finland, Lake of Lucerne 

) Region of Baltic Sea. 
) Sweden. Northern Germany. 
) Switzerland, Turkestan 

for both in the text of his report and in its many quotations from 

NEUMANN this acanthocephalan is not once mentioned as having been 

found in Salmo salar.  Thus this parasite should be deleted from 

the list of parasites of East Prussian salmon. 

The occurrence of Neorhynchus rutili  in the frogs of Pillau 

and in the stomach of Emys orbicularis  must be regarded as pseudo-
. 

parasitism. Its wide distribution and the fact that  : . .of  all salmon 
are 

parasites it has the highest northward range &-s,  of great geographical 

interest. Neorhynchus rutili is found frequently in the Lake of 
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- Lucerne; in the Lake of Davos (1,560 m aboye sea level) I found 

it in Salmo lacustris, and in Turkestan it was found in fish froli 

the Issyk-Kul Lake (1,6i5 m above sea level). 

OLSSON (79) mentioned Leuciscus phoxinus,  VILLOT (101) 

the larva of Sialis (niger) flavilatera)as  intermediate host. Nephelis 

octoculata and Limnaea are also reported to be intermediate hosts. 

Uncertain acanthocephalan species.  In 1777, 0.F.MULLER 

reported that he had found Echinorhynchusspecimens in salmon. 

He did not give any details on his find  and  its locality. It appears 

from publications by later authors like GOEZE, ZEDER, RUDOLPHI and 

WESTRUMB that those acanthocephalans from salmon were presumably 

identical with Pomphorhynchus laevis  (ZOEGA). 

In 1902, SCHNEIDER (90) examined several fish from the 

Finnish reef belt for their parasitic fauna. In the intestine of a 

salmon he found, in addition to specimens of Abothrium crassum, an 

acanthocephalan larva which according to his findings had entered 

the salmon by the latter's feeding on a "Stre,mling" (translatorts 

note: no equivalent was found for this German word; it is a kind of 

small herring in the Baltic) (Clupea harengus membras). Morphological 

details are lacking. 

In his list of salmon parasites published in 1872, HERING (36) 

mentions not only Echinorhynchus truttae,  but also another 	' 



acanthocephalan which he allegedly found in the intestine of a 

salmon. He identified it as Echinorhynchus Anthuris  (DUJ.), but 

• had grave doubts about it himself because the specific name is 

followed by a question mark and that in turn by the name of the 

hoseeîWical -ic7W7-17a7aWt-J-11brackets_iTrLt2723. According to 

•DUJARDINS (20), that parasitic species is known only from Triton 

cristatus and Triton punctatus. 

In order to avoid possible errors, brief reference shall 

be made to the following Echinorhynchus species appearing in the 

literature on salmon parasites: 

? nodulosus  RUD. 1809/10 (87). WÂRD (103) put the generic 

name Echinorhynchus  in front of the question mark. 

Echinorhynchus nodulosue-Re:nec.WARD is synonymous with 

Pomphorhynchus laevis  (ZOEGA). 

Echinorhynchus inflatus  RUD. 1809/10 * (87) is synonymous 

with Echinorhynchus salmonis (see in McINTOSH - 64 - la63). 

Echinorhynchus fusiformis  RUD. 1819 is synonymous with 

Echinorhynchus truttae. 

Echinorhynchus salmonum  RUD. 1819 (88) is the collective 

name for several -questionable Echinorhynchus species which were 

abolished later because they were synonymous with Pomphorhynchus  

laevis  (ZOEGA). Therefore Echinorhynchus salmonum  RUD. is also 
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synonymous with Pomphorhynchus laevis (ZOEGA). 

(e) Parasites from American and Asiatic salmon: Since in• 

the faunistic-biological part frequent reference will be made to 

parasites from American and Asiatic Salmonidae, I shall give a 

brief systematic description of those species which have not already

•  been discussed in the previous chapters of the systematic part. 

(1) Trematodes: 

Unfortunately, reports on the occurrence of trematodes in 

Pacific Salmonidae are very scarce. According to WARD (103), 

C. RUTTER examined 200 young salmon in fresh water. In 31 specimens 

parasites were found which belonged to 2 or 3 species. From the 

short diagnosis given by RITTER, WARD assumes that they were cestodes 

and trematodes. 

As the material referred to above and the reports on it 	79 

are very uncertain, I shall not discuss them any further. 

Azygia sebago  WARD. Withiregard to its appearance 

and its systematic classification, this trematode which parasitizes 

Salmo salar sebago has its parallel in the European species Azygia  

tereticollis (RUD.). It is purely potamophilous and seems to 

- parasitize various freshwater fish from the North American lakes. 



WARD found it in the following hosts: ' 

Migratory fish: 

Anguilla chrysopa 	Stomach 	 ) 
Osmerus mordax.?  Esophagus  and stomach ) 

) 
) Lake Sebago 

Salmo salar sebago  Stomach 	 ) (North America 

Esox 	reticulatus  
Perca flavescens' 	" 

According to WARD (103), the trematodes identified as Azygia  

tereticollis  by STAFFAED (95) do not belong to that species, but 

to Azygia sebago.  This would add the following three hosts to the 

above list for Azygia sebago: 

Freshwater fish: 

Esox lucius 	Gullet, 
stomach 

Lota maculosa 	tt 
Ameiurus nigricans  " 

esophagus and ) 
) Canada (Montreal) 

tt 	) 
. 	 ) 

• (2) Cestodes- _ 

I have already mentioned RUTTER's finds which were published 

by WARD (103). They were presumably Abothrium crassum  (BLOCH). 

When describing the life cycle of the Alaska salmon 

(Oncorhynchus nerca),  BEAN, too, reports the occurrence of numerous 

intestinal parasites, but names and details are lacking. 

On the basis of abundant material, ZSCHOKKE and HEITZ (116) 

report parasites from various salmonid species, among them also 

cestodes some of which have become known from European salmon, -t-c-reh„- 
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and some of which are not found among those parasites. 

Pelichnibothrium caudatum  ZSCHOKKE. The larval form 

of a cestode still unknown in its mature stage and called 

Pelichnibothrium caudatum by ZSCHOKKE (116) is frequently found in 

large numbers in the intestine of Oncorhynchus tschawytscha, 0.nerca  

and 0.keta. This worm is purely marine. Presumably it develops into 

the mature worm only in the large predatory fish of the sea. The 

above-mentioned Oncorhynchus species are therefore only intermediate 

hOsts. 

Bothriocephalan larvae. Similar to Salmo salar, which 

acts as intermediate host for various parasites, carrying their . 

larvae, the Oncorhynchus  species, too, seem to carry larvae. 

Pelichnibothrium has already been mentioned. Apart from that parasite, 

bothriocephalid larvae were also found in Oncorhynchus nerca  which, 

however, could not be identified. 

Sparganum sebago,  larva, 1,11 WARD. These 2 

bothriocephalid larvae were found in 2 salmon from Lake Sebago, 

the smaller form in the spleen, the larger form free in the body - 

cavity. Other intermediate hosts, hosts or developmental stages 

are unknown. No biological or faunistic details are available. 



Proteocephalus pusllus  WARD. This cestode, found 

by WARD (103) in the intestine of Salmo salar sebago,  belongs t'o 

the large group of parasittsof Proteocephalidae  which mostly 

parasitize freshwater fish. In addition to mature individuals, 

WARD also found two larval forms which can be regarded as developmental 

stages of Proteocephalus pusillus. A third larva was very similar 

to the two above-mentioned ones, too, but WARD could not make up 

his mind to identify it with the others. 

WARDis pupil, LA RUE, published . a detailed, comprehensive 

paper in 1914 on all members of Proteocephalidae  known until then. 

He not lonly mentions Salmo salar sebago as a host of Proteocephalus  

pusillus, but also Cristivomer namaycush  (WALB.), a trout species 

from Lake Temagani (Ontario). This makes the parasite an .exclusive 

salmonid parasite of purely potamophilous character, a fact which 

already WARD had stressed in his.paper. 

In Salmo salar sebago, the parasite lives in the esophagus 

and the intestine, in Cristivomer namaycush, in the intestine and 

the pyloric appendages. 

( 3 ) Nematodes• _ _ 

Nematode A and nematode B  WARD. 'In Salmo salar seba:zo, 

WARD (103)and one of his pupils found 2 hematode forms which were 

called Nematode A and Nematode B. Nematode B, which lives in the 

1 



body cavity and systematically belongs to the rilaria, seems 

a marine species/ for WARD found it very frequently also in 

Oncorhynchus nerca.  Unfortunately we do not have any morphologidal 

details on these nematodes. Nematode A, which was found partly in 

the stomach, partly in the body cavity, seems to be identical with 
is 

Nematode B, therefore it presumably/also a marine parasite. 

How these two species entered the salmon from Lake Sebago 

which usually is infected only by potamophilous parasites, I cannp 

say because I do not know the hydrographic conditions of the lake. 

(4) Myxosporidia:  

Henneguya zschokkei  GURL. This parasite was found 

underneath the skin of Oncorhynchus keta and Oncorhynchus kisutch in 

East Kamtchatka. Further details on its distribution and occurrence•  

may be found elsewhere (116). It is a typical, purely potamophilous 

parasite of Salmonidae from various Swiss lakes, lakes of Finland 

and Western Russia, and recently also from Kamtchatka. 

3. Ectoparasites  

Very rarely have ectoparasites been found on Salmo salar, 

and observations on them are therefore scarce and incomplete. 

The number of species is small and Of partly marine i 'partly: 



potamophilous.origin. When changing the medium, the migratory fi 

lose either one or the other. Earlier aûthors wanted to USQ thisl 

very fact to pxpIain the migration of salmon: salmon migrated from 

one medium to the other in order to rid themselves from their 

torturers, they clean themselves of their,  parasites. 

(a) Hirudinea 

Piscicola geometra  LIN. This ectoparasite is very 

, widely distributed and known as parasite of many freshwater fish. 

On Rhine salmon it was found by ZSCHOKKE (114) only in 1896, while 

FRITSCH (24) reports as early as in 1894 that the fish leech as 

an exception also attacked the Elbe salmon. According to a report 

in the "Fischereizeitung" 1905 (22), Baltic Sea salmon are also 

infected by these bloodsuckers, often so severay that they die from 

their injuries. I never found this parasite. 

- It lives in the body skin (particularly near the dorsal 

fin)  and in the gills. 

Cystobranchus respirans  Trosch. This parasite is 

rarer than the above-mentioned ectoparasite. On Rhine salmon it has 

been found only twice, once by ZSCHOKKE . in 1889 (the find was not 

published then) and a second time by HOEK (40) in 1899. According 

to HOEK, this purely potamophilous parasite attacks both old and 



young salmon. From the reports of various authors it seems that i 

the range of distribution of Cystobranchus respirans  is limited to 

the Rhine and its tributaries,. Finds are reported from the Rhine, 

the Sieg river, Nagold river (Neckar), and the Sihl river (Switzer-

land). It may also be mentioned here that according to reports by 

KESSLER (91).the parasite also lives in Lake Onega. 

The parasitt.ives on the body skin, preferably, however, 

at the origin of the fins. 

(b) Copepods 

Lepeophtheirus Stri5mii  BAIRD. McINTOSH (64) found 

this ectoparasite on the adipose fin, the origin of the caudal fin, 

at the margin of the eye sockets and on the gills of young salmon 	83 

descending to the sea. It is an interesting fact that he found 

more male (4) than female (3) individuals, as usually the opoosite 
•_ 
is true of parasitic copepods. -----  

SaImo salar  and Salmo trutta are the only fish known to be 

infected with Lepeophtheirus Streimii.  The fact that the parasite 

prefers young salmon may indicate that its character is mainly 

potamophilous, although the family Caligidae, to which Lepeophtheirus  

Strbmii belongs, is rather marine. 

Lernaeopoda salmonea  LIN. This parasite, found for 



the first time in Salmo salar in 1751, sucks on the gills. It  ha4 

never been observed on Rhine salmon. FRITSCH (24), however, rep+s 

that fishermen found this parasite twice on salmon; unfortunately, 

we do not kned whether on Elbe or Baltic Sea salmon. The latter 

seems to be more likely because the first find was on a Swedish salmon 

which surely came from the Baltic Sea; also, WEGENER reports on 

two individuals found in K3nigsberg. Therefore the range of 

distribution of this parasite wpuld be limited to the Baltic Sea. 

Salmo salvelinus is also mentioned as host of this parasite. 

Lernaepoda carpionis  KRAEY. This parasite, found on 

the gills of Salmo salar  from Greenland and Iceland, also belongs 

to the genus Lernaeopoda. I have no further details on the locality. 

This species, similar to the preceding one, is presumably marine. 

Argulus coregoni  THORELL. This copepod, belonging 	. 

to the Branchiura, often parasitioes, according to FRITSCH (24), 

salmon from the Elbe and Moldavia. Of purely potamophilous character, 

Argulus coregontls frequently attacks in large numbers the salmon 

ascending from the sea in late summer. FRITSCH, for instance, found 

once a salmon to which more than 60 specimens of this fish louse 

were attached. 

Argulus coregoni  clings to the fins, occasionally also to 
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the body. In addition .to Salmo salar, it also parasitizes whitensh, 
• 

graylings and trout. 

According to BEAN and RUTTER (103), the Oncorhynchus 
Flow 

species in the vast rivers fal,Liag into the Pacific Ocean are 

also infected with parasitic copepods. BEAN reports that Oncorhynchus 

nerca is often more or less "covered". RUTTER found the gills of 

Oncorhynchus tschawytscha  infected with such  parasites. The  remark 

"in fresh water" indicates parasites with potamophilous habitat 

which attack Oncorhynchus species only in fresh water, similar to 

Argulus. 

; 	For completion's sake, one, and to my knowledge the only 

serj.ous fish disease to afflict salmon, may be mentioned here. 

Frequently, in partioular in the years 1877-1882, a fish 

diseàse was observed in the English and Scottish rivers which caused 

serious damage to the salmon in those rivers. It is known as 

salon pest and it is caused by Bacillus Salmonis 2.9.2I1A which was 

discovered by PATTERSON. 

'For further details on this disease, reference can be made 

to the publication by HOFER (42) on fish diseases. 
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• 

III. Comparative faunistic part 	 85 

1. Rhine salmon and its parasitic fauna 

From the chronicle of research into salmon parasites we 
• - 

that Rhine salmon has repeatedly been the subject of various - • 	. 

• • biological, physiological and especially parasitological studies. 
• 

To make this review as complete as possible, I would like  to  precede .:. 

the results of my own studies by a list of all parasitological - 	• 
• 

finds made in Rhine salmon in the cours  eof-almost- 150 • 
1770. lIeltmANN (3;): Echinorhynchus_salnum 	einum 	 ---> • • in a Young salmon• 

1779. 11 r.ocn (1 0): Taenia crassa 	 CrenZ). 	—• 	 • 

1781. PALLAS (82) Taen ia tetra go:weeps (= Abothrium crassunt). • 

1782. 111: 10:ANN (37): Vel'iMellilielmg siicr tun dus Jain 1%%0 emai1: 1 1'n I Publication of his finds 
Funde: Echinurhynehus salamis. 	Pomphorhynehas brevis). 	;made at approx. 1770 

1885. PnEN ANT (8 ■ ): Filaria piscium 	Asearis capsularia) (Mose1lachs).4Mose 11e salmon  
1872. II8nt8G (36): Derogcnes carieus; Abothrium CraSStuil; Ascaris copsularia; 

Echinorhynehus iruitae, Echinorhynchus Anthuris? (wahrschoinlich • (presumably  colle  cted  from 
aus Neckarlachsen gesanunelt). 	 ; Neckar salmon) 

ZSCILOKKI: (110): Derogencs varicus, Disiontun rellexum, Distomum 
Miescheri; Abothrium crassum, Bothriocephalus spec., Coenomorphus I 
grossue, Tctradynchus palearcus; Ascaris capsularia, Ascaris clavata; : 
Echinorhynchus spec. 

1891. ZscitOKKF. (112): Derogcncs carieus, Distom.um rellexum, Dislomum 
Miescheri; Schisweephalus gcrsterostei, AL:Arbon crussum, Bothrio-
Ccphalus osmeri, Bothriocephalu. spec. I, II  (larva), Tetrarhynehas 
paleaceue, Coenonwrphus grossus, Tetrarhynchus quadrirostris; Ascaris 
adunca, Asc. angulara, Asc. clavaia, Asc. capsularia, Asc. con:minis; 
Echinorhynchue gacli, ..Vcorhynchus agilis, Pompharhyarhus 
Unerwilluit geldiebrn: 	eysio_branchus respirons.  

-› 	i 1896. ZSCH 	M OKKE (): Abothrium erassum, Coenamorphus grossus, llothrio- Remaned unmentioned: 
cephalenlurven; Braehyphallus crenalus?; Ascaris talunca. Asc. spec. 	Cystobranchus respirans  

und 	Ascaris capsularia; Echinorhynchus spec., Neorhynehus ' 	 .• 

agilis, Ncorhynehus rutili; Piscicola geomara. 	 r‘,1 
17. HAusmANN (35): Derogencs varieus, Distomum relle.runt, Brachypluillus 

crenatus (= Disunnum appen(lieulatum (= Dist. ocreaium). 	t I 
1.899. lic:EK (39): Ascaris cluvatu; Pomphorhynchus laevis?; Cystdranchus 

respirans (in IIonatul gesanunel!)..• 
(colleCted in Holland). 

• 

a 



127i' 

Already these few data show that the Rhine salmon has  

unusually rich parasitic fauna. 

In order to prevent confusion of the following, 1 will 

make a few brief remarks, criticizing and clarifying the above-

mentioned finds, in particular those by ZSCHOKKE. 

The finds made before 1889 are not taken into consideration 

in the following discussion and particularly in the statistical 

summaries.  I have also disregarded those by HAUSMANN (35) because 

they are too restricted (only trematodes). Those by ZSCHOKKE which 

that author made in Baltic Sea and North Sea salmon, will be specially 

discussed in the second division of the comparative part. 

Therefore only ZSCHOKKEts finds from Rhine salmon in 1889, 

1891 and 1896 remain. I would like to make it quite clear that 

all parasitic species reported by ZSCHOKKE in 1889, are included 

in his paper published in 1891. In order to avoid errors we must 

therefore remember that the 45 salmon examined in 1889 are included 

in the 129 salmon from 1891. 8 specimens from 1896 are to be added 

to those 129, and thereby we arrive at a total number of 137 of 

Rhine salmon examined. The infection percentages in Table 11  refer 

to these 137 and not to the 129 (as in Table I by ZSCHOKKE, 1891). 

Various points in the lists of parasites compiled by ZSCHOKKE 

have to be clarified. In 1891 he enumerates 33 forms on the basis 



of his own and other authors' finds. Of those, however, Bothriocephalus  

cordiceps LEIDY which was only included by mistake, must be deleted. 

Also, Leuckartia spec.MONIEZ must be removed from the list as 

synonymous with Abothrium crassum  (BLOCH), Tetrarhynchus solidus  

- ,DRUM.) as synonymous with Coenomorphus (Tetrarhynchus) grossus  (RUD.), 

Distomum appendiculatum  RUD. as synonymous with Distomum ocreatum  RUD., 

- and the two latter species as synonymous with Brachyphallus crenatus  

(RUD.), or, rather, they must be replaced by the correct specific 

nameS. Thereby the list'of 1891 shrinks to 29 species. In 1896 it 

is extended to include 37 species by including Scolex pleuronectis  

Bothriocephalan larvae  ZSCHOKKE 1896, Tetrarhynchus spec. 

ZSCHOKKE 1896, Ascaris spec.1 and II ZSCHOKKE 1896, Neorhynchus rutili  

(MULL.), Echinorhynchus spec.  ZSCHOKKE 1896 and Piscicola geometra 	88 

LIN. as new salmon parasites. 

The list of parasites for the Rhine salmon ià naturally 

shorter than the list for all salmon. In 1896, it comprises only 

26 spècies (20 species of 1891,excluding Tetrarhynchus solidus  DRUM. 

as synonymous with Coenomorphus•(Tetrarhynchus) grossus  (RUD.), and 

including the ectoparasite Cystobranchus respirans  TROSCH which had 

at that time been left unmentioned; also 6/species of 1896). 

In the course of my parasitblogical Studies, I found a :2 

large numberof parasites already known froM salmon, 'and on and.in: 
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. 	f se.m Be.wohnte Orzane: • 
Organs where they lived 

von 17à 

:r.T.:ziert. 	• 
Parasit en: Parasites 

; 	1. Derogruce varicus 	 • 
Brachyphallus crcnatus 

3 . , Lecithaster gibbosus (RuD 
4. Distomum .1.1icschcri Zscnoxxn." 

Crepiclostomum farionis 
• ' "".•  G.  fizygia tcrcticollis (rtup .). 	• 

üsomg,magcmesophagus,stomach tt 	tt Osophag. Magen. 
ôsoPhag, Magen. Dann t-T irit estiltie 	• 
Ôsophag, Magen. eSOphagUS , stomach 
Darrn. intestine 	 . 
Nagen. stomach • 

99 	58.23 

.1 9  
o 

1 • 

9 

1 9  

• 7,05 
1,17 

0,50 
0,59 

82,35 
5,39 . 

7,05 

0,59 

37,64 
5,39 
1,17 
1,75 
0,59 
0,59 

O 
- 

1 
1 

455 - 
53 

1 	I 

43,79  

8,02 

8,0!, 

<.) 

j 

14,59 
13 „ eà't 

9 ,10. 

_ 

	

72,26 	554 

	

2,19 	11G 

1,45 
2,91 

1:1 

1 

Table II.  

7....4ho!hrizuh. cressum (1.31.oèm). 
S.  7'etrarhynchus quadrirostris (GzE.). 

9. Tctrarhynchus crinaccus V. BEN. 
.10. Coonomorplzus grossus 

1 *" .12.''Tetrabothriz.zni spec. HEITz. 
[i * 12. Scolex. plcuronectis «MOLL. 

• 
I Appendices pyloricae, Darin. 

es an Leber, Peritoneum, C.isophag- und Darmwand ; 
î 	zwischen den Append. py1. 
%7.Ny. d. Append. pylor.; einge.kaps. i.d.Ôsophagwand. 
izwisch. den Append. pylor.; an Lober,  Peritoneum 

Enddarm. 
,in Append. pylor. 

. 	• 	. 	. 	. 	i 	
_ _ 	_ 

. 	 • 	• 	. ' 	. 	 • 
13. *  Ascaris capsularia Blip. 	\ Van Leber, PeritoneuM, DarillWnIld, Append. pyl. 

■ 	ôsophag (moist eingekapseli.). 

	

, 	• 14. Ascaris adunca rtUD . 	• 	. -1\ 	ôsophag„ Magen; seltener im Darm. 

	

. . 	15,T Unbdstimplbr â-Iltodena., 	i, 4, meist in verlçalkten Cysten im Peritoneum und 

	

.• 	. 
. 	unl envi 2--9 etCaW2. - 1 i zwisch'en den Appen d. pylor. _ 	 i t 	 . 

	

.. . 	• 16. j'amphorhundi.us /aevis (ZoEGA), ;  ,r,e)auf3en an Append. pylor. und Dann. 
* '17. Echinorhynrhus heteracanthisTIEITz .i tj  misehen den Append. pylor. _ 

'• •.: 	Mew or Rhine salmon] 	_ 
... 	.. 	. 

	

t 	.• .,• 
- " 	•`1; t.t. den plat-4111;1(.11s neu. 	 . 

• 

	

.Anzahl der • in 170 Rileinlachsen ' 	; 	• 
. 	 i 

• . 	 A.efurglenen Parasjten: 1431 . 
•

. 
. 	. 	• . - «'-- Number al_ paÉasites • 	L-- - ----. 

. found in 170 Rhine salmon; ' 	-
•. 	 ., 

1481 

A•- howwmany infected -of 170? 	B - how many % infected of 137, 	C - . number of 
• • 

	according to ZSCHOKKE 
pàràÈtee, ,-- • ..,„ 

_ 	 . . 	. 	 . . 	• 	•. 	 . .•. 	. 	 . 	..
• 

. . 	 . , 	 . 	 . 	. 

1 - pyloric appendages, intestine 
2 - on liver, peritoneum, eosphageal and 

intestinal walls; between pyloric 
appendages 

3 - between pyloric appendages; encapsu-
lated in esophageal wall 

4 - between pyloric appendages;on liver, 
peritoneum 

5 - in terminal intestine 
6 - in pyloric appendages 

• 7 - on liver, peribneum, intestinal 
• wall, pyloric appendages, esophagus 

• (mostly encapsulated) 
8 - esophagus, stomach; more rarely 

in intestine 
• 9 - mostly in calcanfied cysts in 

peritoneum and between pyloric 	 • 

app,-rndages 
• 

10 - outside on pyloric appendageS 
intestine 

11 - between pyloric appendages 
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the same organs, in approximately the same numbérs and frequency 

as ZSCHOKKE did before. There were only a few species I did not 

find, but they were parasites which occur in salmon very rarely, 

.some of them had even been found in salmon only once. These forms 

presumably are purely accidental guests. In their place I found 

parasites some of which were known from other hosts, but new for - 

salmon, others of which had never been encountered before in salmon 

or any other animal. Their occurrence in Salmo salar  seems acci-

dental, too, for nobody will deny that such purely potamophilous 

forms as Crepidostomum farionis and Azygia tereticollis do not 

belong to the parasitic fauna of salmon. 

Table II eummarizes all parasites I found in Rhine salmon, 

their occurrence and the organs in which they were found. Table III 

reviews the number, name,and ..type_:, of origin of all parasites 

so far known from salmon. 

Of the species listed in Table III, only 8 are found 

frequently in Rhine salmon, namely Derogenes varicus, Brachyphallus  

crenatus, Abothrium crassum, Tetrarhynchus paleaceus, Tetrarhynchus  

quadrirostris, Coenomorphus grossus,.  Ascaris capsularia, and Ascaris 

adunca.  All others were found rarely, some of them only once. 

Of the 8 parasitic species listed as frequent, only 3 can 

be found always and in greater  or smaller numbers both in Rhine 
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salmon and in salmon from other rivers. We see from Table II tha4i:: . 

 Derogenes varicus, Abothrium crassum and Ascaris capsularia infel 

a large percentage of Rhine salmon. Ascaris capsularia.istmost 

frequent. Less frequently salmon are infected-by the typical fresh-

water and salmonid parasite Abothrium crassum.  Rarely more than 

10 specimens are found; mostly there are only 2-4. I, at least, have 

never found as strong an infection 'as reported by ZSCHOKKE (112) 

and also SCHNEIDER (90,91). Derogenes varicus, the last of the three' . 

parasites mentioned previously; is least frequent with regard to. 

the number of infected salmon, but it by far exceeds the others 

with regard to the number of specimens found in one salmon. 20 to 

30, even more than 50 specimens bf this species in one salmon stomach -, 

 were not uncommon. Several times many.more than 100 individuals 

of this trematode were collected. They weremostly embedded in the 

 esophageal  and gastric mucus. Sometimes the esophagus and stoMach, ' 

in particular the ,L;astric pouch, were veritable foci of trematode 

infection. 

The other parasitic species are very rare in salmon. Distomum 

-Miescheri,  Ascaris adunca, Coenomorphus grossus and Tetrarhynchus  

quadrirostris  were always found only in small numbers, the first 

two in the stomach, the last two in the body cavity. Scolex pleuro-

nectis, Tetrarhynchus erinaceus, Lecithaster gibbosus, Azygia 

tereticollis  and Crepidostomum farionis  were found in Rhine salmon 
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for the first time. Tetrabothrium spec.  and Edhinorhynchus heter:tet- & .e 
canthis,  from the terminal intestine and the body cavity, resperively, 

are completely new parasitic species. 

If we look more closely at this varied, numerous parasitic , 

population which infects Rhine salmon to a greater or lesser degre 

it is stri4ing how the marine element dominates. Table, III summa- _ 

rizes the results obtained in the systematic part in order to 

confirm the preceding sentence. 

The marine character of the parasitic fauna of Rhine salmon 

is obvious, for of the 35 parasites 13 are purely marine, 6 pota-

mophilous, and 6 marine-potamophilous; 10 species are of slightly 

uncertain origin (Distdmum Miescheri, Bothriocephalus spec.  I and II, 

bothriocephalan larvae  1896, Tetrarhynchus spec.,Tetrabothrium spec., 

Ascaris spec.'  and II, Echinorhynchus spec.,  Echinorhynchus hetera- 

canthis).  Perhaps they belong to the marine group, at least Distomum.90 

Miescheri, Tetrarhynchus spec.,  Tetrabothrium spec.  and Echinorhynchus 

heteracanthis,  for these are closely'related to forms of purely 

marine character. 

The 6 purely potamophilous parasites are Azygia tereticollis, 91 

Crepidostomum farionis, Abothrium crassum, Neorhynchus rutili, 

Pisciola geometra  and Cystobranchus respirans. The last two belong 

to those ectoparasites which attack freshwater fish of various species 
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frequently and often in large numbers. Their occurrence on Saimo 

salar can therefore be easily explained. Of greater interest is 

Table III.List of Rhine salmon parasite's 

c1. P 	a site.11: 
Parasites 	

:

gem 
A 

• 
• 0 X Derogencs widens (MOLL.), 

	

; 2. 0 	Distomum retie:ram CitnPf.. 
' 3. 0? Distumum Mieschcri ZsciloKK I. • 

• 4. 0 	.1"..eci1/ias1er gibbostes (Ru t .). 
5. 0 	Brachyphallu.? crenatus (Run.). 
6. >X 	Crepidostomum farion (s (M- üLt.). 

	

' ?, X 	...12tygia tercticollis (Run 

	

8. X 	Abodiriam crass= (131,0c a.). 

	

0 	nothriocepholus osmeri 
:10. 0? Bothriocephalas spec..(larva) I. Zscit o  i .  

;11. 0? Boihriocephalus spec.(Rirva) IL Zscu OK . 
12. 0? Bothriocephalenlarven ZScil OK K E. 
I a. 0? Tetrabothrium spec. II nrrz. 

14. 0 X Seo/ex picuroneciis MOLL. 
•:15. 0 	Connomorphos glossas (Run.). 

	

.113. 0 	retrarhynch us quadriroaris (GzE.). 

	

1 F7. O 	TeArarkynchus paleaceits nu». 
8. 0 ?• Teirorhynehas spec.  'IS( ILOK  

19. 	X Asearis caps'alaria Ru». 

	

;90. 0 	flse(Iris corn/fluids 1)11:s. 

	

21. 0 	A.scoris adunca "IUD. 

	

,22. 0 	Ascaris clavata nun. 
23. 0? Ascaris spec. .1. 

. 24. 0? Ascaris spec: -ll: ZsinioxN s. 

	

'25. 0? 	Nematodes spec. 	Er • . 
26. 0 	Ascaris angulata'Run. 
27. X 0 Pomphorhynchus bleeds (ZonGA). 
28. X 	.Neorhynchus rat/ii (MOLL.). 
29. X 0 .Echinorhynchus intuae SClinAN K. 
30. 0? Echinorhynchus heteracanthis fl  MTV-

. 31. 0 X Echinorhynchus gadi MOLL. 
32. 0 	Neorhynehus agilis (Run.). 
33. 0? Echinorhunehus :pee. 7.SCII OK K E. 

	

3IJ • X 	Piscicola geomet•a IAN. 

	

35. X 	Cystobranchus respirans Tliosett. 
" ' 	" 	 • 

In? 	W? 	in?  'T 
7+(eor. Wander.  

tim:hen 1dicu In I 	' 

51. 
1 

the occurrence of intestinal parasites which usually are found only 
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in freshwater fish. I have already discussed mV opinion on the 

manner of infection in the systematic part. I would only like t 

stress once again that 3 of those parasites are accidental gues, 

and only Abothrium crassum occurs constantly and in larger or smaller 

numbers. The figures in Table III show, however, that even that 

parasite is purely potamophilous. 

Of the 6 marine-potamophilous parasitic species, some are 
■Olg 

more narine,  some more potamophilous. As can be seen from the above 

Table, Deroeenes varicus, Scolex pleuronectis, Ascaris capsularia 

and Echinorhynchus gad£  belong to the first, Pomphorhynchus laevis  

and Echinorhynchus truttae  to the second group. 

Table IV gives a review of the number of parasitic species 
individual 

found in (rP fish of a particular type of Rhine salmon. 

Table IV 

• 
• 	 • 	ifater-. 	Mittel- 	Ober- Parasitenarten 	 Mosel: 	Total: 

	

4 - rhein: 	4  rhein:. ,Drk ein: 	E 	• 	
i 

i 
1 

	

alit 0 infiziert• waren ha 	. 	0 	0 	I.• 	0 	1 
0 	. 	 2 	37 	- 1. 	40 

, 	 9 	 •) „ 	- 	,, 	le 	 3 	- 	65 	ti 	74 
7. 	 3 	,. 	 7 	3 	• 	, 	20 	• 	12 	. 	4 2 
„ 	4 	 . 5 	.0 . 	5 	. 	0 	10 

	

o 	o 	 0 . 	 •  
:1 	1 	0 	0 	9 

A - parasitic species 	s  B - Lower Rhine 
C - Middle Rhine 	 D - Upper Rhine 

E Moselle 
"mit .. infizierttwaren"im" - with •. infected were in the 



The above Table provides interesting information on two 

points: on the.degree of infectIon in the individual parts  of .t 

river, and on'the decrease in the number of parasitic species 

the higher the salmon ascend the river. 

The degree of infection is actually very low. In most cases 

1 to 3 parasitic sPecies are present, usually the species already 

mentioned above: Derogenes, Abothrium  and Ascaris capsularia.  They 

are occasionally accompanied by a few other species, mostly also by 

a parasite of the body cavity. Comparing the above Table with 

the corresponding table by ZSCHOKKE (112)iwe find considerable 

agreement: for that author, too, 1-3 species In one host are the 

ordinary. 

Let us now compare the respective columns for Lower, Middle, 

and Upper Rhine and Moselle with each other. The parasitic situation 

in the Moselle is similar to that prevailing in the Upper Rhine; 

there are . almost always 1-3 species in the same salmon. Salmon from 

the Middle Rhine, on the other hand, sometimes display a more varied 

parasitic fauna, and in salmon from the Lcwer Rhine this is even 

the rule. There, no salmon carries 	or only one parasitic species. 

5 fish are infected by 4 species, and 1 fish each bji.  .5 and 6 

species. The opposite is true of salmon from the Upper Rhine: no 

salmon with 5 or 6 species, few with"4 
of 

species; most/the ffsh are infected by 

and I even infected by no 

1 or 2 species. We see, 



therefore, that the higher the Rhitie salmon aecends the river, 

more the number of species in its parasitic fauna decreases. A.  

Table V provides an answer to thesquestion whether the 

number of infected fish also decreases. 

Table V  

Parasiten: 	I "unttfviol'il: cln:  1 onm. mose»: 1 Crbevon 	von 170 

■ 
.,\IittiArlalin 	MIcin: 	Total: 

— 17 Laeluen ? V.25 ,Laclr:en? .2)12S Laele:en? E4thainIrtol,zon? • 

, 

12 --= 70,5 1,'„' 17 — 68,0 ?.,.', 111 =:. 86,7%  140 = 82 , 3  % : 
la - 76,4 % 17 - 08,0 % 34 .-. 26,6% 64 .---- 37,6%.  

13 --  76,4%  16 -,.. 64,0 % 66 ...,. 51,5% 95 =.. 55,8%; 

A - parasites 
B - Lower Rhine; of 17 salmon ? 
C - Middle Rhine (including Moselle); of 25 salmon ? 
D - Upper Rhine; of us salmon ? 
E - Total; of 170 Rhine salmon ? • 

This Table lists only the three most common parasitic 

species. One glance at the figures for Abothrium crassum  and 

Derogenes varicus  immediately convinces us that the-number-of _ 

infected fish among ascending—salmon decreases noticeably. In the 

Lower Rhine the .rate of infection is the same for both species 

because they were found in the same number of salmon. This rate 

then decreases for Derogenes varicus  in the course of the upstream 

journey of the salmon, so that in the Upper Rhine only 26% of the 

fish are infected by this parasite. The behaviour of Abothrium crassum 

differs slightly. The rate of infection decreases more slowly', but 

nevertheless distinctly; in the Upper Rhine, 51% of the salmon are 	93 

A 
;.4scaris capsularia 
'iierogenes varicas 
::Abolhriant crossant 



still infected. Incidentally, the high rate of infection in the 

Lower Rhine proves that Salmo salar does not become infected with' 

the purely potamophilous Abothrium crassum e in fresh water, but beforÇ 

that, either in the sea or in brackish water. Could Abothrium 

crassum  therefore be synonymous with Abothrium ruzLoam_from among 

the gadids, after all? (See systematic part under Abothrium crassum). 

The conditions for Ascaris capsularia are in striking contrast 

to those outlined above for the intestinal parasites Derogenes  

varicus  and Abothrium crassum, for the rates of infection for the 

Upper and Lower Rhine are approximately the same. 

On what does this different behaviour of the three species 

depend? Derogenes vericus lives in the esophagus ancil& the stomach, 

that is to say, in those parts of the digestive tract which are in 

direct connection with the outer world. Therefore this parasite 

can easily leave its host through the gullet. This seems to be the 

case, too, for in the salmon from the Upper Rhine mbstof these 

trematodes, usually living in the esophagus and the stomach, were 

found near the gullet, while the stomach which in salmon from the 

Lower Rhine is always the main locality of the trematodes, was 

 often completely free from this parasite. 

The situation is different for Abothrium crassum.  This 

cestode lives mainly in that part of the intestine which is directly .  
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4 connected with the pylorus. Moreover, it often is firràly attachedA 
• 	r 

with its scolex to the pyloric appendages. It is therefore much 

more difficult for this parasite than for Derogenes varicus  to 

detach itself and leave the intestine. This is the reason why We 

still find the.parasite in salmon from the Upper Rhine, even if only 

in small numbers, partly in the pyloric part of the intestine, partly 

on its way out, in the terminal intestine near the anal opening, 

and covered with mucus. 

Ascaris capsularia,  finally, belongs to the parasites of 

-the body cavity. It is thus completely secluded from the outside 

world and unable to leave the migrating host when .  it changes its 

mediulii or passes through its starvation period. Therefore the rates 

of infection remain approximately the same, as becomes obvious from 

Table V. 

From the above we  ses  that ascending salmon gradually lose 

their intestinal parasites. The number of their species decreases, 	94 

but also the number of specimens of the respective species in an 

infected salmon, and the .number of infected fish. 

The numbers of species and of individuals of body cavity 

parasites, on the other hand, remain constant. 

Let us now have a brief look at the seasonal occurrence 

of parasites in Rhine salmon. The follôwing table will provide 
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information on the distribution, again of the most common paras4ic 

species, in the individual-months. January and March were disreeded 

becausenno fish could be examined during those months, also 

February) in the course of which only one salmon from the Lower Rhine 

was examined which, however, had in addition to Coenomorphus grossus, 
ku-se_ 

Derogenes various  and Ascaris capsularia  a number,  of va. speeimens 

of Abothrium crassum. 

'eable VI  
r. 	 -. 	 - 	 - 	 .... . _ ...... .- 
, 

' 1 Lin lersuclite ■ 1 	Manilla: 	 Dern” var. Avila% crass. _elec. capsal. 
,crtheinlachsq: . 	"• i 

. 	 , 
April 	 4 	100,0 % 	. 75,0 % 	75;0 % : • . 
May 	 4 	100,0 % 	50,0 ?,', 	75,0 % 
Junh 	 11 	54,5 % 	' 90,9 % 	63,6  ?,., : 
J iq 	 3 	. 	33,3 (i'i', 	66,0 % 	66,6 % 

: August 	 3 . 	66,6 % 	__ 	100,0 % . 	 . September 	 2 	 — 	100,0 % 	100,0 y,', 
OaLobel' 	 16 	43,7 % 	• 43,7 c,',,:, 	75,0 % 

' November 	 108 	. 	:36,7 % 	58,3 % 	83,3 % 
' December 	 18 	11,1 % 	61.1  % 	83,3 c,), 

. 	- 	 . 
• 	. 
1 - months 	2 - Number of Rhine salmon examined 

In spring, Salmo salar,  with a large number of parasites, 

starts its journey upstream. It continues its journey until autumn, 

reaching its destination in late autumn or early winter and spawning 

there. In spring and summer, between ApriI and August, the percentage 

of infected salmon is very high. Towards autumn it decreases and 

in winter it is at its lewest. ZSCHOKKE made similar observations, _ 	- -- 
and also HAUSMANN gets_similarUÏts although he examined salmon 

for trematodes only in June, July, August and February. 
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It is immediately obvious that this Table agrees with 

the preceding one. Here again we notice a distinct decrease of t(= 

the number of specimens. This decrease differs for the 3 species. 

It is almost zero for Ascaris capsularia, a parasite of the body 

cavity, distinctly noticeable for Abothrium crassum, and very great 

for Derogenes varicus. 

Let us now briefly consider the behaviour of the other 

parasites. Of course only thosejdecrease or incream)which live ini 

the digestive trace': The parasites of the body cavity and those 

encapsulated in various organs remain where they are; they cannot 

move and, as we have seen in the systematic part , . most of them 

degenerate and die. Onlyi\few will be able to develop further. 

"Their numbers can", as ZSCHOKKE (112) has already stressed, "cer-

tainly not be increased in the river, only decreased - through the 

death of individual specimens". 

In addition to Derogenes varicus  and Abothrium crassum, 

nematodes, trematodes and occasionally also acanthocephalans and 

cestode larvae are found in the digestive tract. Some of.them 

leave their hosts on the same way as Derogenes varicus,  others 

pass through the entire intestine and out into the water through 

the anal opening. Among the first group are Distomum Miescheri  and 

Brachyohallus cr'enatus,  as I  could see for myself. Distomum reflexum 

and Azygia tereticollis, and those specimens of Lecithaster gibbosus 
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which had not yet passed the pylorus at the onlet of the staniatifpn 

period, go the same way. All parasitic forms living on the other';- 

side of the pylorus, go the opposite way. In addition to Abothrym 

crassum,  cestode larvae, Lecithaster gibbosus - and -Crepidostomum 

farionis were found in—the terminal intestine. Nematodes which have 

already passed the pylbrus go the same way. I found for instance 

Ascaris adunca in the small intestine and 'terminal intestine. It 

is obvious that the parasites leave their hosts, following either 

way, with the pylorus the dividing line. In salmon descending to 

the sea after spawning, we find the entire digestive tract almost 

empty, which HOEK observed also on salmon in Holland after spawning. 

The last-mentioned author emphasizes in particular the complete 

absence of Abothrium crassum  which inhabits the ascending salmon in 

such large numbers. Its locality, the pyloric appendages, was 

completely empty. 

411e ilr 
From the above it becomes clear that  on 4&  journey upstream, 

salmon gradually lose all their intestinal parasites acquired in 
el,vra,tto.  

the sea, the decrease is proportional to the leneeh of the journey 

and the distance travelled. 

Let us have a look also at the parasites from the viewpoint 

of their developmental stages in which they are found in Rhine 

salmon. It is remarkable how many adolescent stages and how few 
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mature stages are found. If we go through the list of parasites Ree 
by one, we find of the 33 endoparasites only 15 either completel 

mature (Derogenes varicus, Distomum reflexum, Crepidostomum farionis, 

Azygia tereticollis, Lecithaster gibbosus, Brachyphallus crenatus; 

Abothrium crassum;  AspAr.3,1LAlp_IIInns_c_Inna, Ascaris adunca; 

Echinorhynchus truttae, Echinorhynchus gadi, Neorhynchus agilis, 

Neorhynchus . rutili)  or almost mature (Distomum MieschênI). 18 species 

are larval stages, among them the 'cestodes with 10, the nematodes 	' 

with 5 and the acanthocephalans with 3 forms. Mostly these parasites 

are encapsulated in or on the intestinal wall, in the luer, in or 

on the esophageal wall, between the pyloric appendages, etc. Some 

•live freely in the body cavity,.e.g. Tetrarhynchus quadrirostris, 

Coenomorphus grossus, Bothriocephala  larvae and Echinorhynchus  

heteracanthis.  Only of two species, namely Tetrabothrium nov.spec. 

(HEITZ) and Scolex pleuronectis, have larval stages been known to 

occur together with'mature forms, both free in the intestinal lumen. 

These species, huaever, as has been mentioned before, are purely 

accidental guests and would have left their host soon, judging from 

their locality, like the other mature intestinal parasites. 

Below, I would like to revieWthe parasites of Rhine salmon 

/ on the basis of the organs they live in. 



I. Digestive tract: 

1. Esophagus (9 species): 

(a) Specific: Derogenes varicus, Brachyphallus crenatus, Distomum 
Miescheri,  Dist. reflexum. 

(b) Foreign: Lecithaster gibbosus,  Ascaris angulata, Ascaris  
adunca, Echinorhynchus gadi l -Neorhynchus agilis. 

2. Stomach (10 species): 
. (a) Specific: Derogenes varicus,  prmhyphnlus s, Distomum  

Miescheri,  Azy ia tereticollis. 
(b )  Foreign: Lecithaster gib osus,  Ascaris adunca, Ascaris  

spec.'  and II, Echinorhynchus gadi, Neorhynchus rutili. 

3. Intestine (rggion of pyloric appendages) (3 species): 

(a) Specific: Abothrium crassum, Scolex pleuronectis,  Ascaris  
adunca. 

(h) Foreign: - 

4. Intestine (small and terminal intestine) (5 species): 
(a) Specific: Lecithastern121221ms, Crepidostomum farionis; 

Abothrium crassum, Tetrabothrium spec.,  Ascaris adunca. 
(b) Foreign: 7t 

II. Body cavity: 

1. Peritoneum (7 species.).: 
Coenomorphus grossus, Tetrarhynchus quadrirostris, Tetrarhynchus  
polaeceus,  Ascaris spec.,  Ascaris clavata, Ascaris capsularia, 
Pomphorhynchus laevis,„ 

2. In the intestinal wall (8 species): 

Bothriocephalus osmeriBothriocephalus spec.I  and 	IÊn.ullinglIa.g.  
erinaceus, TetrarhyncÊs paleaceus, Tetrarhynchus quadrirostris, 
Tetrarhynchus spec.,  Ascaris capsularia. 

• 
3. On the intestinal wall (11 species): 

Bothriocephalus osmeri, Bothriœephalus spéc.I  and II, Tetrarhynchus  
quadrirostris, Tetrarhynchus paleaceus, Coenomorphus grossus, 
Ascaris capsularia,  Ascaris clavata, Ascaris spec.,  Pomphorhynchus  
laevis, Echinorhynchus heteracanthis. 

4. Liver (5 species): 
Coenomorphus grossus, Tetrarhynchus quadrirostris, Tetrarhynchus  
paleaceus,  Ascaris capsularia, Ascaris communis. 



5. Spleen (1 species): 
Ascaris capsularia  

6. Kidneys (1 species): 
Ascaris capsularia 

7. Genital organs (2 species): 
Tetrarhynchus quadrirostriÈ,  Ascaris capsularia. 

8. Free in the body cavity (3 species): 
Coenomorphus grossus, Tetrarhynchus quadrirostris, Tetrarhynchus  
paleaceus. 

III. Ectoparasites: 

1. Gills (1 species): 	 - 

Pisciola geometra 

2. Skin (2 species): 
Pisciola geometra, Cystobranchus respirans. 

From this summary we see that most of the parasites live 

in the body cavity. Since these species, as already mentioned, lie 98 

in a separate organ, they are a constant phenomenon for the salmon 

and are useless for our purposes. Of greater interest are the . 

parasites which live in the digestive tract. 

With 10 species.the stomach is the most populated part of 

the digestive tract. Infection in the.esophagus is equally high. 

The intestine after the pylorus, on the other hand, has only a few 

species, the terminal intestine even fewer. 

.Very many parasites have been found in Rhine salmon in 

organs where they are usually never found, either in salmon or in 
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other fish. Ascaris adunca,  Ascaris angulata, Echinorhynchus ga 

Neorhynchus agilis and Neorhynchus rutili  were found in Rhine salmon 

in the esophagus and the stomach; all of them lived only in the  

intestine in other hosts. The two ascarids Ascaris spec.  I and II 

presumably belong to the intestinal fauna, too, because gastric 

nematodes are rare in fish. 

In the intestine itself we do not find any unusual parasites. 

What, then, is the reason for the parasites in salmon living in 

other organs than they usually do? ZSCHOKKE interpreted it as a way 

of seeking protection. To me it rather appears that the above-

mentioned parasites are about to leave their host through the gullet. 

. The fact that many intestinal parasites return to the gullet with 

the gastric and esophageal parasites instead of passing through the 

entire intestine in the usual way and leave their host through the 

anal opening, seems to be connected with the onset aFthe starvation 

period. Those parasites which at that time have already passed the 

pylorus, leave the host through the anal opening, the others which 

are still in front of the pylorus, leave the host through the gullet. 

In concluding it may be pointed out that most of the 

intestinal, mature parasitic species are trematodes. There are only 

very few cestode and nematode species, and orgy isolated instances _ 

of acanthocephalans, so that-in . thib-respect ZSCHOKKEts sentence 

(108) "les Salmonides ne possedent pour ainsi dire pas dtAcanthocephales" 
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. 	 ________ 	 , 'Seems to apply again. Also with—regard t6 the number of specimeni,  .-- 

in the fish, the trematodes surpass the cestodes nematodes  and.  ..m 

acanthocephalans by far. 

, TabÏeVII  

1. Baltic Sea 
Ustsce: 

Parasitenatlen). 
•17 parasitic species 0>< Derogencs varicus (Miad..). 	.1 
b Drachyphallas crenalus (RuD.). 2 
X Aboihrium crassum (BLocu). 1 

:X 0 Schislocephalue gasicroslci 
(Fmtn.). 

'X 0 Triacnophorus nodu/osus 
• (P 	• 	 '4 
:0 	Bothriocephalus spec. II. 

•ZscuoEnn. 	 3 
'0 	Bothriocephalus spec. HI. 

ZscuoKKr.. 
X 0 Cuculkin  us  degaltS ZED 

i0 X Ascaris capsularia RUD. 	9 

i0 	Ascaris adunca.  Run. 	3 
'0 	.Ascaris communis DIES. 	3 
X? Ascaris acukati V.  l'Axsr. 
X 0 Pomphorhynchus 	(Zonc.) 
XID'Echinorhynchas salmoTiis 

MüLL. 
;X 0 Echinorhynchus trallna 

• SCHRANK. 

Echinorhynchas gadi MOLL 
Lernaepoda salmonea LIN. 

II 

3 

n.  T e c d : 

15 (P1A'âïtfePecie 
Derogencs varicus (MULL.). 	1 
Brachyphallus crenacus (Run.). 2 
Distom um Micscheri ZSCHOK. 4 
Abothrium crassum (13Locn). I 
Cocnomorphus grossus (Run.). 3 

Jo Tctrarhynchas quadrirostris 
(ONE.). 

;(:) 	'l'cli'a/,ot/zriiun  in  in  i m UM 
y. LINST. 

' 0 	Tetrabothriant spec.  Ta  Su. 
!OE Taenia spec. Tonic. 

Ascaris capsubria Run, • 
Ascaris acum 

III. P., 1 b e : 

pa(AltiJ.re 14)ecies 
Derogencs coricus (MüLr..). 
Brachyphallas cremmus (R tin) 
Distomunt Miescheri ZscutiK. 
Abothrium crassunt (111.0cp). 
Scolcs plcuronec(is MOLL. 
Coanomorphas grossus (R up.). 
Telrarhyachas quadrirostris 

OX Ascaris • capsularia Run. 
O Ascaris davata. Run. 
X 0 Echinorhynchus salmon is MOLL. 
O Lernacopoda sabnonca LI N. 	3 
X 	Argulas coregoni TuOnnLL. 	3 
X 	Piscicola geometra 

IV. T a y: 

12 paitâgfelbcies 
0 X Dcrogenes paricas (MP m..).* 	1 
X 	Azygin tcreticollis  (Ru I).).  
O /Es/rim/in?. spec, Mc. INTosn. 

X 	.1both.quin crassant (DLo nu). I 
o Telrarhynchas quadrirostris 

(Gze.). 	 • 	4 
o Tararhynchus spec. Mc. IN•r. A 
• TetratAhrium minimum 	2 

V.  I:INST. 	• 

0 X Ascaris capsularia nu». 
O Ascaris spec. Mc.  'NT.  
X0  

X 0 Lepcophthèiras Strihnii BAI I))).  11 

V.Pacific Ocean 
ir  P .acifiseher Ozoo n: 

J _P..tr.ns..itonarton?, 	. 11 parasitic species 
 A bothrfum crassunt (BLocn).. 

O Pclich;:ibothrium caudatunt 
ZsCuoKKr.... 

O BothriocephatenlarvenZscutiK. 
und II Ercz. 	 • 

O Tetrarhynchas quadrirosfris 
(ONE.). 

x 
.o 

:0 

0 X 
10 

Ascaris ohlusocaudata Ilun. 
,X0 P. ,;mplay:hyachus- laj:ois(t.ow;A). 3 
ix 0 Acanthocepholus lia,ii(MUL.). 

Echinvrhynchus gadi 

1 

13 
0 X 

0 X 

Pomphorhynchu_s_lacgis . 
 (Zo7i.:0.  %%%% 	- 

XO Echinorhy .nchas salmonis 



3 
criiwcus 

• 4 
grossus (Run.).  fi 
minimum 

purely marine 
marine-potamophilous 
potamôphilous-marine 
purely potamophilous 

0x 

IXO 
X 

1 - common 
2 = frequent 
3 = occasionally 
4 = rare 

D  rnenomarphus emus (Run.). 4 

• Asearis cop,sularia Ru  n. 	9 

fi'ilarien WARD . 

0 X Behinorhynchas gadi MOLL. 	2 
./.;chinorhyttchas caenolorntis 

Ilenneguya Zscholchei GUM.. 	/I. 

Copt:I:mien W Ann 	 2 
'‘x 

1- 
Sebago 

VIII. Sebago .See: 

(7 Parasitonarton). 7 parasitic species  L - 
X 	Azzigue &largo,  W Ai: u. 	.1; 
X 	Abothrium crassant (IlLocur).. *1 

X 	.Proleoeephalus pusillus  \\'A fil) , 3 
Protcacephalas spec. Mien,. 	11 .,•• • • 

	

, 	 . 

X 	Cestadealar:U:WARD. 

X 	■ 5' pargamun spec. I u.  II  ‘yA RD 

X0?  Nematades  A.  ti lI VARp. 	3. 

IX. Ireland 
.1X. Ir land: 

5 	 ci es  
x Deragence varieus 

X 	Abothriunt crassum (BLocu). '11 

O Cocizoniorphus grossus (R un.). 8 

o X, Ascaris c upsoloria 

O Ascaris clavata.  Run . 	• 3 

X. Canada 
X. K. a n  aria:  .‘ 

4 parâSïteeSi5(ècies 
• Den:genes varicus 
0? llemiurus a ppendicalotus 

(Ru .). 

O Lecithaster bothryophorus -
.• 	(OLss.). 

o SiniStrophoras simplex  (R un.), 4 

• VI. Weser: 

(10 Panasilfnar ton 
- 10 parasitic si3écies 

*0 X Derogenes v«ricti (MULL). 	2 
0 	Brachyphallus crenalus (Run). 4 • 

X 	Abothriunt crassum (13 c 	1 
!IC) 

	

	Tetrarhynehus quadrirostris 
(0% .) 

Ox 2'etrarhynchus 
• v. BF:x 

'0 Coenomorphas 
Tarabrerium 

0 X Ascaris co/manila HUD, 

X 	ASCariS aeti/e«/i.  V, 1.IN ST. 
.0 	Ascaris adttnea Run. 

, VII. North Sea 
• viT, Nor dsoc: 

(8 nwaslIonar A parasitic species 
'0X Derogenes varicus 	 3 

'0 	Brachyphailus crenalas (RI; D 	1 

X 	AbOdiriUM CrasSUM 	Locil). I 

;0X Scôlex pleuroncelis 	 4 
ffothriocepholenl«roca 7SCli  OK. 3 

0 	Tel rarh yachas s pee. Zsc I(0 K K E. 
IVeorhynchus (Igilis (Run.). 	3 
Echinarhynchus spec. ZscuoK. 4 

; 

 '0 

-. 1 

4 

ft 



2. The parasitic fauna of other salmon and salmon species  

Not only in the Rhine, but also in many other rivers and in 

the sea, salmon have been examined for parasites. In the following 

would like to compare the results for the Rhine salmon with the 

results of those other studies, mainly to find an answer to the 

question whether there are really different types of salmon,wa$cffiany 101 

authors assume, which differ in their nutritional habits depending 

on the river or sea they live in. The very question whether and 

why some of them take in food in fresh water, others do not, is as 

yet unanswered. Perhaps it is possible to , solve this question by 

parasitological methods. 

The following salmon are to be compared parasitologically.  

with the Rhine salmon: 

Salmon from Canada 

Salmon from the North Sea 

Salmon from Ireland 

Salmon from Norway 

The salmon species of the Pacific 

Ocean 	• 

Salmon from the Weser 

Salmon from the Elbe 
Salmon from the Loire 

Salmon from the Baltic Sea 

Salmon from the Tay 

Salmon from the Tweed 

Salmon from Lake Segabo 

This comparison may be preceded, for purposes of general  •  

orientation, by a list of parasites of all salmon (excluding 

sahnon from the Loire and Norway) (Table VII). The sequence depends 

on the quantitative magnitude of the parasitic faunas of the  • 



individual salmon. 

Table VII reviews the parasitic species, their frequenc4 

and their geographical distribution. In order to'emphasize the 

last-mentioned point even more', the most frequent and most widely 

distributed species have been summarized (including parasites of 

Rhine salmon, see Table II) as follows: 

of 11 localities 	Rate of infection 
in ? 

1. Abothrium crassum 	 10 	 1 
2. Derogenes various 	 9 	 1 - 2 
3. Ascaris capsularia 	 8 	 1 - 2 
4. Brachyphallus crenatus 	 6 	 2 
5. Tetrarhynchus quadrirostris 	6 
6. Coenomorphus grossus 	 6 	 3 - 4 
7. Echinorhynchus gadi 	 4 	 3 - 

All other species either occur only in 3 or 2 localities or 

belong only to one river or sea. Locally, they may be quite common 

and infect salmon to a considerable extent. 

It is interesting to note the localities in which the 	102 

respective parasites are absent. AbOthrium crassum  occurs everywhre 

except in Canada, but this cestode is certain to be present even 

there, as VtiARDts finds in salmon from Lake Sebago indicate clearly. 

STAFFORD who examined the Canadian salmon parasitologically, unfor-

tunately published only his findings on trematodes. Derogenes various, 

this gastric parasite which always occurs in large numbersin salmon, 

can of course not be found in salmon from Lake Sebago, being a 



purely marine form; strangely enough, it is also absent from sal 

of the Pacific Ocean. In this case, however, insufficient resear 

may be held responsible for its absence. RUTTER found parasites 

in the stomach of salmon one form of whichlas interpreted as a 

trematode by WARD; species and origin are unfortunately unknown. 

Ascaris capsularia  has been found to be absent only in 3 localities, 

namely in the North Sea, in Canada and in Lake Sebago. For the 

first locality, this absence can be explained by a scarcity of 

suitable material, for surely this nematode larva parasitizes also 

the North Sea salmon, appearing inAthe parasitic faunas of the salmon 

ascending from the N orth Sea. Ità abSence in Canada will presumably 

have the same reason as in the case of Abothrium crassum.  LINTON • 

mentioned encapsulated nematodes from:Salmo salar which from their 

description and pictures are identical with Ascaris capsularia'. 

Therefore, this species is hardly likely to be missing altogether in . 

the salmon of the Canadian coast. ' 

The other parasitic species are found in considerably fewer 

localities and, as we can see from the figures, the rate of 

infection is moderate to low. It is lowest in those which have 

the smallest range of distribution. Distribution and rate of infection 

are therefore closely linked with each other. 

In addition to Table VII, I would like to use anàther 

Table as proôf for my further reflections. In this latter Table, 
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all localities are listed, their parasitic faunas arranged.on the 

basis of their origin (purely marine + marine-potamophilous, • 
f- -  - 

potamophilous-marine + purely potamophilous),  and the proportions 	,. • 

expressed in percentages. To simplify matters, I have listed all 

parasites known from Oncorhynchus keta, 00nerca  and 0.tschawytscha 	- 

under One locality. I also have disregarded all ectoparasites 	. 

(including Henneguya Zschokkei)  and all specific forms l , whether 	103 

their origin is known (Tetrabôthrium minimum, Echinorhynchus hetera- - 

 canthis, Distomum Miescheri) or unknown (Bothriecephalus spec.; 

Ascaris spec.,  Echinorhynchus spec.,  etc.). Only those species are 	- 

to he evaluated which are generally known and of which several 

• hosts are known. 

In this manner we have obtained an almost clear picture of 

the parasitic faunas of salmon from various rivers and seas, so 

that we can compare the individual habitats and salmon. 

Let us now try to establish on the basis of Tables VII and 

VIII , from the parasitological point of.view, the nutritional 

habits of the individual salmon in the various localities. 

The parasitic fauna of Canadian salmon, examined by STAFFORD 

(95), is unfortunately too incomplete as only trematodes are listed. 

1 I have used the term "specific forms" for parasitic species which 
so far have been found only in one fish species and the origin of 
which - marine or potamophilous - cannot easily be established from 

. migratory fish. 
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Kanada. 
Nordsee. 

land. 	. 
Pacific. 
Elbe. 
NVeser. 
1.-11 
Tweed. 
'l'ay. 
Os tsee. 
Sebagosee. 

's •1. 

5. 
f 

? 

7. 
8. 

9 ' 
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2 
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2 
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Table VIII  

0 ; 	X 	Tot a l: 

4 = 100,0 `,Y,, 	— 4 	3 	— 
4 = 80,0 % .1 = 20,0 %. 	5 	3 	, 1 
1=  80,0 % :1 = 2 .0,0. (,y, 	5 	2 	. 1 
4 = 80,0 ';',; .1 = 20,0 c,'•,; ' 	5 	2 	.1 
7= 77,S%  2 = 22,2% 	u 	5 
7-:  77,8 %  2=  22,2 ?,, 	9 	4 

•15=  71,4 % 6 = 28,6 % 	21 	11 
7 = 63,6 % 4 = 36,I.L % 	.1.1 	4 
3=  42,9 ?,;  4=  57,1 % 	7 	1 
6=  42,9 %  S=  57,1 ';;i', 	14 	. 3  

	

.3 	_ 3 .= .100,0 (X, 

j E  rein 	rein po ta-i 
marin 	mo ph i I 

A - purely marine 
1 - Canada 
2 - North Sea 
3 - Ireland 
4 - Pacific Ocean 

- Elbe 
11 - Lake 

B - purely potamophilous 
6 - Weser 
7 - Rhine 
8 - Tweed 
9 - Tay 

10 - Baltic Sea 
Sebago 

It should not surprise us to see that in character and 

composition the parasitic faunas of salmon from the North Sea ând 

from Ireland agree more or less. Since only marine salmon were 

examined, only marine parasites were found, with the exception of 

Abothrium crassum  which is a purely potamophilous species (see 

Tables III and XIV and the systematic_part).-Coenomorphus -grossus 

and Ascaris .capsularia -pi"eumably parasitize not only salmon from 

Ireland, but also from the North Sea, for Rhine, Weser, Elbe and 

Tweed salmon often carry these forms from 'the sea into the rivers. 

Derogenes varicus appears in both types of salmon. 

104 



Conditièns are similar in Norwegian salMon-: - I-had - the 
--- 

opportunity to examine-4 specimens from the coastal regions of 
ï 

Norway for parasites. Their parasitic fauna with Derogenes varicus  

and Brachyphallus crenatus in esophagus and stomach, with Ascaris  

adunca in,stomach and intestine (with many food remains) and 

Abothrium crassum in the pyloric region of the intestine can be 

called almost purely marine. Ascaris capsularia  was also found 

frequently. Therefore Norwegian salmon is parasitologically the 

same as North Sea salmon. 

There is a great difference, on the othertand, betWeen 

North Sea and Baltic Sea salmon ( to simplify matters, all salmon , 

from the Baltic Sea region examined by different authors have been 

included; ZSCHOKKEts results, however, are the foundation for they 

are the most accurate ones). 

Examining the extensive 'parasitic fauna of the Baltic Sea 

salmon, we notice immediately the large percentage of potamophilous-

marine and purely potamophilous parasites, contrary to the North 

Sea salmon which has not a single purely potamophilous form (Abothrium 

crassum'always excluded). The only purely potamophilous parasite 

in the Baltic Sea salmon, with the exception of Abothrium crassum, 

which according to ZSCHOKKE and SCHNEIDER often occurs in vast 

numbers, is  Ascaris aculeati, but this nematode was always found 

encapsulated. The only purely marine forms, apart from the ectoparasite 



Lernaeopoda selmonea,  are Bothriocephala  larvae, Ascaris adunca  4nd 

Ascarib communis. Rhynchobothria  larvae, so common in Rhine sa14on, 

are completely missing. ZSCHOKKE explains this different behaviour 

by the absence of hosts necessary for further development and 	\, 

distribution. All other  parasites are either maine-potamophilous 

or potamophilous-marine. 

ZSCHOKKE (112) has the following comment on this pbnomenon: 

"One is automatically tempted to explain this strange behaviour 

by saying that Baltic Sea salmon take in food even in the river 

(which, according to NORDQUIST; is allegedly the case) and therefore 105 

return to the sea with a parasitic fauna which is much richer in 

potamophilous forms»? 

Baltic Sea salmon admittedly can become infected in fresh 

water with potamophilouS forms (Ascaris aculeati, 'Triaenophorus  

nodulosus and Cucullanus elegans[questionable: see systematic part]); 

Rhine salmon do the same. But I think that this happens quite 

\accidentally, as with Rhine salmon. In my opinion this problem is 

explained by the natureof the Baltic Sea itself. 

It is known that large parts of the Baltic Sea, especially 

in the 'east, contain frèsh water, and the salt content decreases 

eastward (North Sea 3.44%, Baltic Sea 1.77%, of the latter: Great 

Belt 1.9%, East Prussian coast 1.2%, Gulf of Bothnia 0.26%). Of 



course this h.s  a considerable influence on the fauna and flora 

of the Baltic Sea. In the Gulf of Finland and the Gulf of Bothnia, 

, 	I 
, particularly in the reefbelt, a vivid exchange takes place betwe,en 

marine and freshwater animals. In these brackish waters both  marine 

and freshwater fish thrive, and marine and potamophilous, low and 

very.low organisms live; 

In my opinion, this low salt content of the Baltic Sea 

and the resultant intermingling of forms are the reasons for the 

predominantly potamophilous character of the parasitic fauna of 

Baltic Sea salmon. 

It has already been pointed out that the hosts and carriers 

of mature Rhynchobothria,  larger shark species, are missing, and that 

therefore Baltic Sea salmon is not infected by the larvae of that 

parasite. Many other, purely marine parasitic Species which are common •  

in the North Sea, are frequently or altogether missing. They are 	• 

replaced by similar species which, however, have completely adapted 

themselves to their surroundings and infect not only marine, but 

also potamophilous hosts (Echinorhynchus gadi). 

On the other hand; we find many parasites in the Baltic Sea 

which elsewhere are totally or almost potamophilous. They have 

become inhabitants of the Baltic Sea, and we find them infecting 

migratory and purely marine fish (Schistocephalus  

Triaenophorus nodulosus, Echinorhynchus salmonis, Echinorhynchus  



truttae, Pomphorhynchus  

We can make such observations not only in salmon, but a14o 106 

in the other migratory fish of the Baltic Sea like houting and :r 

smelt. All of them are more or iess infected by such parasites. 

Baltic Sea salmon has therefore ample opportunity to become 

infected with potamophilous parasites'even in the Baltic Sea itself. 

There is also the fact that the Baltic Sea salmon does not change 

abruptly from one medium to another. The transition is gradual - 

from sea through brackish water to fresh water. Perhaps the Baltic 

Sea salmon has become adapted in its life cycle and nutritional 

habits to this gradual change. Et  starts its starvation period later 

during its ascent; perhaps its digestive organs do not degenerate 

quite as much during the spawning season as in other fish, and it 

is able during its descent at an earlier time to starttaking in food 

again. 	 • 

There are unfortuntely as yet no detailed systematic studies 

available on the life and nutrition and the parasitic fauna of 

Baltic Sea saimon in the ri'c'rers. No definite conclusions can be 

drawn from the isolated, occasional finds in literatura. 

From what we know about the parasitic fauna and its 

composition, I woUld like to draw the.cautious conclusion that 

Baltic Sea salmon undergoes a starvation period in the river similar 



in type and deation to that of Rhine salmon. If it really tOok 

food in the rivers, its parasitiC fauna would have to be similarg 

to that of Oselerus eperlanus and Coregonus oxyrhynchuS  (see Taq'es 

IX and X). 

Conditions are completely different, on the other hand, for 

salmon living in the North Sea and the adjoining seas and ascending 

the rivers for spawning which fall into those seas. The parasitic 

fauna and the habits of spawning salmon have been studied in as many  r. 

as 6 of those rivers. - Two of them belong to the mightiest rivers 

in Europe, since their springs are situated far inland. We can get 

the most informative details from those rivers, for in them salmon 
have- 
has to migrate farthest in order to reach the'spring streams as its 

instinct drives it to do. It must, therefore, travel long distances, 107 

is exposed to unfavourable influences.more than any other salmon, 

and gives us thereby the best opportunity to study, much better 

opponinities than salmon ascending only short coastal rivers. 

The big rivers in which salmon were examined parasitologically 

are the Rhine (1,300 km), the Loire (1,000 km), the Weser (with the 

Werra approximately 700 km), and above all the Elbe (1,150 km). The 

two smaller rivers are the Tweed (approximately 150 km) and the Tay 

( approximately 120 km) in Scotland). All these rivers, except the 

Loire, fall into the North Sea. Therefore their salmon  corne  from 

there. 



. 	
. 5 Loire salmon, 1 from the lower and 4 from the upper cq»rse_: 

1 5.E 

of the river, were examined. This material is scarce and we musip 
'13/4 

not consider the results of the examinations as generally applicable. 

The findings are nevertheless worth mentioning because in spite 

of the small number of parasites they can be compared with finds 

from the Rhine (including the Moselle), Weser and Elbe, with 

interesting results. Ascaris capsularia and Derogenes varicus  were 

never missing, and were always found in the appropriate organs. 

Large specimens of Abothrium crassum  were found in salmon from the 

lower Loire. Small remains of this cestode wera found-in-3-specimens 

from the upper Loire;_in one-SP-e-Cimen it was entirely missing. 

Conditions with regard to the trematode fauna were similar. In the 

lower course of the Loire, salmon were infected by many more than  •  

100 specimens of Derogenes varicus each; in the upper course, however, 

one salmon had only 20, another one only 9, and the othertwolpvén 

fewefspecimenshof that:parasite.each. 

From these few specimens, the Loire salmon has therefore 

the same pqrasitic fauna as the Rhine and Moselle salmon: only 

marine parasites, no food in the intestine, and therefore no 

increase in the parasitic fauna in fresh water. This shows that 

the salmon presumably does fast on its journey, at least while 

ascending the streams. 

In the Weser salmon  1  found a greater variety of species than 
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thGt in the Loire salmon. I examined 21 Weser salmon. Derogenesfivari-,  . 

cus Abothrium crassum and Ascaris capsularia  were aen the mait 

• parasites, being found in 9, 13, and 19 salmon, respectively. 

Other parasites were found, too. Ascaris adunca  was encountered in 

a few • specimens in stomach and intestine, and Ascaris aculeati  

was found once encapsulated in the esophageal wall. A few specimens 108 

of Tetrarhynchus erinaceus  were also found encapSulated in the 

esophageal wall. Some fish had a -few specimens of Brachyphallus  

crenatus in their stomach, in addition to Derogenes varicus,  and 

Tetrarhynchus guadrirostris  was fOund in the body cavity of 3 salmon, 

Coenomorphus grossus  in the body cavity of one salmon. The result 

• of my examinations was therefore 9 parasitic species, all of them 

more or less nuimerous. Tetrabothrium minimum,  the cestode larva 

discovered by VON LINSTOW, belongs here, too. 

Except  the  purely potamophilous Ascaris aculeati,  all species 

are either purely marine or marine-potamophilous. The Weser salmon 

carries all  of  them from the North Sea. Ascaris aculeati,  2,19:L  

encapsulated nematode, does not play an important part because the 

presumably free-swimming embryo can at any time entbrf:the gullet 

with the respiratory water and through that can pass into the fish. 

No remains of animal or plant nutrition were ever found 

anywhere in the entire digestive tract. It is therefore obvious that 

the Weser salmon, too, discontinues active feeding on its journey.  



through fresh water. 

I can be brief in my report on the Elbe salmon, referrin 

to the publications by FRITSCH (24) and to the biological and 

systematic chapters of this paper. The predominance of marine 

parasitic species indicates that the salmon does not feed in the 

Elbe. The only potamophilous-marine form (Echinorhynchus salmonis) 

probably entered the salmon when it descended through the brackish, 

water of the river mouth, similar to the Baltic Sea salmon. FRITSCH 

proved that the salmon does not take in any food whatsoever as 

long as it is in the Elbe. Only during its descent it is sometimes' 

so exhausted as to try and catch some food. The parasitic fauna 

reflects this starvation period. 

Let us now consider the salmon of the two ScottisOh rivers, 

the Tay and the Tweed. From Tables VII and VIII we make the 

surprising discovery that both salmon species differ considerably 

in their behaviour from the standard so far established for the other 

North Sea salmon; their parasitic faunas rather resemble that of 

the Baltic Sea salmon. The Tweed salmon and 'even more the Tay  îmon 109 

show a high percentage of potamophilous elements; in the latter 

they even predominate. 

McINTOSHI s statements (64) on ...02e_parasitic_ fauna—of-  the 

Tay salmon are incomplete-  and inaccurate inasmuch, as the author 
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speaks of young salmon descending to the sea, then of salmon 

ascending the streams for spawning, and reports on parasites of 

one group and then the other rather inconsistently. He also does 

not give any details on the place where the examined salmon mrere 

caught, in the sea, in the lower or the upper course of the river. 

Let us =eider all parasites of the Tay salmon and the _ 

ways of infection. The sa1monaïires 	marine forms Derogenes' 

varicus, Tetrabothrium minimum,  Tetrarhynchus quadrirostris  and 

Ascaris capsularia in the sea, presumably alsb Abothrium crassum 

(see chapter on systematics). Distomum spec.,  Tetrarhynchus spec.  , 

and Ascaris spec.  also appear to be of marine origin. Echinorhynchus' 

salmonis  is a parasite which, as-we have already seen in the cases 

of Baltic Sea and Elbe salmon, can infect fish in the sea and in 

fresh water. The same applies to Pomphôrhynchus laevis. Only Azygia  

tereticollis can be acquired nowhere but in fresh water. 	 .• 

There is hardly an explanation for the predominance of 

potamophilous parasites in the salmon from the Scottish rivers. 

Perhaps a study of the water bodies into which these rivers fall 

might throw light on these strange parasitological findings. This 

would constitute a parallel to the Baltic Sea. Many English-
Plow 

Scottish rivers  1a-11.into the sea at the beginning of deep bays. 

These bays are small replicas of the large Baltic Sea: extensive 
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areas of brackiish water where conditions are presumably similar 

to those in the' Baltic Sea. The salmon ascending from the depth 

of the North Sea has ample opportunity to become infected with 

marine-potamophilous and potamophilous-marine parasites in these 

water bodies. 

The parasitic fauna of the Tweed salmon shows that the 

above hypothesis is not totally unreasonable. Among the parasites 

of the Tweed salmon, there are only 2 potamophilous-marine species 

and
) except Abothrium crassum )

only one purely potamophilous species 

(Ascaris obtusocaudata). In the Tweed salmon, therefore, the marine 110 

element dominates, contrary to the Tay salmon. Let us again turn 

to the manner in which the river falls into the sea for comparison 

and explanation of this phenomenon. The Tweed falls into the sea 

almost directly. There is no large area of brackish water between 

its mouth and the sea. Therefore the transition from sea to fresh 

water is much more abrupt thaYn in the Tay; the parasitological 

boundaries are presumably much more clear-cut than in the Tay and 

the ascending salmon does not get an opportunity to acquire as many 

potamophilous-marine parasites as the Tay. salmon. 

This'is one factor which might serve as an explanation for 

the high percentage of potamophilous parasites. The other factor,' 

which  I have already mentioned when discussing the Baltic Sea 

'àlmon, might be of .equal significance. The gradual - transition from 
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sea to fresh water may influence the nutritional habits of the 

ascending and descending salmon in the sense that the salmon 

occasionally take in food in fresh water, but mainly that the saimon 

after spawning, when descending to the sea, are much sooner able 

to take in food again. This is also indicated by the frequent 

instances when salmon were successfully caught on a fishing rod. 

I would like to emphasize, however e .referring to the numerous testS 

by English and Scottish ailthors, that the ascending and descending 

salmon undergoes the same starvation period as the Rhine, Elbe, 

and Weser salmon. Proof for this starvation period are, in addition 

to the hundreds of salmon intestines which were found empty, the 

parasitological findings. 

Nothing much remains to be said about the parasites them-

selves. They occur in similar numbers as in other salmon. A comparison 

•of old and young salmon infected with Abothrium crassum, which was 

carried out by TOSH (99), is of considerable interest; it proves 

parasitologically what biological observations had made appear 

likely, namely that the starvation period of •  salmon is not related 

to the change of medium, but to their sexual life. In his review 
• , 

TOSH asks himself whether the decrease in .the Abothrium crassum 

population towards autumn is constant and what is its cause. In 

my opinion, it is caused by the different-timing of-the starvation 
time 	 of the 

periods, i.e. by the/difference in the/development of the genital 

organs. Fish which ascend the rivers at the beginning of that 



develoPment, that is in spring, still have a great number of 

parasites, especially Abothrium crassum. Fish ascending the rivelis 

only,  in autumn with almost fully developed organs, have already 

undergone a starvation period in the sea, as HOEK has shown. There_ 

fore they lost part of their parasites already in the sea. Another 

factor is perhaps the fact that during the winter months the fish 

are less eager to take in food. This, then, is the explanation for 

that phenomenon, and 1  think we can safely assume that it will be 

constant. 

Like in Tay, Rhine, Elbe, North Sea and Loire salmon, the 

number of Abothrium crassum in a single Tweed salmon is always small. 

TOSH (99) summarizes the results of his examinations in the following 

sentence: 

"Freshwater parasitic forms are ver'y rare in the salmon, 

and the fact that they are practically absent in well grown fishes 

seems to point to the conclusion that salmon do not feed in the 

fresh water of a short river like the Tweed except under extra-

ordinary conditions, when a prolonged stay is imposed upon them". 

Thus TOSH found conditions similar to those reported by 

McINTOSH 40 years previously, and expesses them also in similar 

terms. 

From the parasitic faunas of the Tweed and the Tay salmon, 

111 



which may be compared to that of the Baltic Sea salmon•With regarQe 

to their composition, it appears that also the English-Scottish 

ascending,salmon do not deviate from the general standard. TheY 

also starve before spawning and for a considerable time afterwards . , 

until the intestine has regenerated àufficiently (GULLAND) to be 

able to resume its digestive functians. if necessary, the descending 

salmon can take in food, but as a rule does so only after it has 

left the fresh water and is travelling' t6wards the, sea through 

the zone of brackish water. 

Finally, let us compare the Pacific salmon with the Atlantic 

salmon. Unfortunately, the parasitic fauna of the Oncorhynchus  

species of North America, the salmon species of those regions, has 

been little studied as yet. Except in the publication 0 by ZSCHOKKE 

and HEITZ (116), hardly any definite specific names are given. 	112 

Only Abothrium crassum,3is mentioned by the other authors, which 

unfortunately is the very parasite whiCh lends its host the làast - 

distinct parasitological profile. In addition to this very common 

salmonid cestode, Ascaris capsularia, Coenomorphus grossus,  Tetra- 

rhynchus quadrirostris  and Bothriocephala  larvae also parasitize 

the various Or corhynchus species. The Acanthocephala are represented 

by 2 marine species. Trematodes are absent, at least they are 

_unknown. WARD's statements in this respect are still very uncertain. 

Of purely potamophilous parasites, we know only ectoparasites 
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• 	(Copepods) and Henneguya Zschokkei. Pelichnibàthrium caudatum, 

a marine cestode, also seems to occur quite frequently. 

We see that little is known about the fauna, but from these 

findings as well as from the descriptions 4 McMURRICH (65), MILNE 
(67), and from WARD's paper which supplies considerable information, 

we can reconstruct a certain picture. According to WARD's obser-

vations (102), Oncorhynchus nerca feeds voraciously in the sea, but 

does not take any food in fresh water. Afte24  spawning, most of the 

fish  die. The population of endoparasites did not change much during 

the journey of the salmon, either. Only Abothrium crassum disappeared 

complefely in fresh water, which, however, could be explained by 

the rare occurrence of this cestode. After the fish have died, all 

parasites leave the intestine. No more endoparasites of potamo-

philous origin entered the fish; Only,large numbers of ectoparasites 

attached themselves to the gills and the skin - similar to the 

Rhine and Elbe salmon. 

It seems to be due to the low rate of infection and the 

long journey that Oncorhynchus nerca from the upper course of the 

river has no more cestodes. Rhine salmon often has many of those 

cestodes in the lower course of the river, and in the Upper course, 

hardly 1,000 km higher upstream, only few specimens or remains are 

left or they are entirely missing. 

All this shows that first the behaviour of the parasites 



in Oncorhynchus nerca  does not differ as much from that.of the 

Rhine salmon as WARD had assumed. Both lose their parasites 

gradually, one more slowly than the other; afterel, this varies 

even among Rhine salmon.Both retain their body cavity parasites, 	113 

as is to be expected. Also, both have only purely marine parasites 

while ascending. During their entire journey to the spawning 

grounds they do not take in any freshwater parasites. While the 

Oncorhynchus  species die, however, from exhaustion after their long 

journey, the Atlantic salmon has the opportunity to take in purely 

potamophilous parasites while descending to the sea. 	 . 

•  WARD's observations agree completely with those made on . 

the salmon from Kamtchatka, and the above stàtements apply therefore 

fully to that Asiatic salmon, too. From the composition of the . 	- 

parasitic fauna and the origin of the individual parasitic spedies, 

.ZSCHOKKE and HEITZ (116) have demonstrated that the OnCorhynchus  

species of Kamtchatka must be very similar, too, to Salmo salar  

from the Atlantic ecean and from the European rïvers. The parasitic' 

fauna of the.Oncorhynchus species . from Kamtchatka consists of only 

a few species: 9, of which 5 are cestodes, 1 a nematode, 2 acantho-' - 

cephalans, and 1 myxosporidian. Of these 9, 7 are purely or almost - 

purely marine; only Abothrium crassum  and thé myx0spgridian .  

Henneguya Zschokkei  are potamophilous. There are also very few 

mature forms (2: Abothrium crassum  and Echinorill_mdi) and -  . 

intestinal parasites among the parasites. This, again, is in agreement 
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with conditions in the European salmon. "The composition and 

charactex of the parasitic fauna of Oncorhynchus  is explained by.  

the habits of the fish, its single journey upstream, and its 

starvation period in the river"(116). 

In concluding, let us consider briefly the parasitological 

results obtained by WARD (103) when examining the purely potamophilous 

'salmon species Salmo salar sebago from Lake Sebago in North America. 

They cannot be compared with any of the European salmbn discussed ,-. 

in the course of this chapter. They come closest to conditions in 

the Baltic Sea salmon. A parallel can perhaps be drawn to the salmon 

which allegedly have become inhabitants of the vast Russian and • 

Swedish lakes and reportedly do not descend to the sea any more, like 

the sebago salmon. Unfortunately we do not have any parasitological 114 

details•on those freshwater salmon, but we may assume that their 

faunas are purely potamophilous, too. 

As I have already set out in detail in the chapter on 

systematics, Salmo salar sebago has a purely potamophilous parasitic 

fauna consisting of various cestodes and cestode larvae, one trematode 
have 

and several nematodes which, however,/not yet been clearly identified. 

WARD suspects at least one form to be of marine origin: an interesting 

parallel to the cases mentioned by ZSCHOKKE (115) from Silurus  

glanis  and Lota vulgaris. Abothrium crassum  is mot common because 

living conditions were highly favourable .  for it: the more purely 



potamophilousa salmonid, the higher its rate of infection by th4,s 
é 

cestode. Baltic Sea salmon are more strongly infected by it than'•' 

• North Sea salmon, marine trout:more strongly than Baltic Sea salmon, 

and the highest rate of infection, as becomes obvious from WARDts 

figures, is found in sebago salmon. 

Its purely.potamophilous parasitic fauna is due to ilts 

living habits - it does not migrate to the sea any more, but stays 

in fresh water all its life, has stayed there for generations, and 

has adapted itself completely. 

WARD (103) concludes his observations with the.following 

/ \sentence which has my full agreement: 

"The parasitic fauna of any animal (here specially of the 

sebago salmon) is the product of its habitat". 

3. The parasitic fauna of some other migratory fish 

After having dealt with salmon and their parasites, let us 

have a look at some other migratory fish to see whether we find 

agreement of habitat and parasitic.fauna in them, too. Already 

ZSCHOKKE (112) pointed out that in other migratory fish, too, the 

composition of the Parasitic fauna was the reflection of their 

living habits. On the basis of more recent studies and observations., ,  

would like to advance along the same lines as ZSCHOKKE. 
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Nutrition and parasitic fauna of the following migratory d 	115 

fish shall be discussed briefly below: 

Salmo trutta  
Osmerus eperlanus  

Coregonus oxyrhynchus  

Alosa vulgaris  

Together, these 7 migratory fish (S alm° salar  and its para-

sitic fauna excluded) carry 112 parasitic species, of which 18 are 

cestodes, 41 trematodes, 36 nematodes, and 17 acanthocephalans. 

They may be divided into the followng groups on the basis of their 

origin: 

Anguilla vulgaris  
Petromyzon fluviatilis , 

AcipenSer sturio  

Maripe-potamophilous( 	 19 ( 

(predominantly potamophilous 	( 9 ) 
) 34 

Potamophilous 	 25 ) 

Specific forms 
112 - 

The majority of parasites of migratory fish are trematodes 

and,purely marine, a fact which is of even greater significance 

for our purposes. There are, however, a considerable number of 

freshwater parasites, too. Those forms are fewest which can parasitize 

fish both in sea and fresh water. 

33 
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In Table IX I tried to summarize the parasitic faunas of 

several migratory fish..I included Salmo salar  for purposes -Ge- 

of comparison. One glance at this Table shows that in some migratory 

fish the marine element dominates, in others the potamophilous 

element. To make matters even clearer, 1 have added another table 

in which all specific forms have been omitted, and the mainly 

marine parasites have been included in the purely marine species, 

the  mainly potamophilous in the purely potamophilous species. 

We get the following resulterable X). 

I would, howe'ver, like to mention in connection with this 

Table that the impression it gives is only partly correct because, 

for one thing, all specific forms have been omitted the nature of.  
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'which would have to be studied,asdigning the individual forms t 

their respective species, and for another, the parasitic faunasiO 

all  migratory fish listed would have to be studied as carefully '  

and thoroughly as that of Salmo salar in this paper. 

Table X  

wamkaisvile: 

vulguris. 

• I ci 	sturiu. 

• yzon lu 

vulgaris. 

Satin() sular (olnw 	top rosi 
.0suzerus eperhui us. 
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Coregon us  or yrhyn ek us. 

pot a mopli. 	I 
Dinrinn Arlon, 	Amon:  

10,0 	'10 
=  I.3  
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3 , O  %(16 
3'2,1 	35 

111 =58,8  
80,0 ;V, 	20 

8 = 80,0 % 	10 

9 90,0 
.12 = 55,7 ?„ 

2 = Ge),7 
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22 = 62,9 

= I ,2 
= 20,0 

2r  20,0 

A-  migratory fish 	B - marine species 
C potamophilous species D - total 

• E - (without ectoparasites) 

Apart from Salmo  salai', Anguilla vulgaris  has undoubtedly- .  

the most interesting living habits, development and nutrition. 

It migrates to the sea to spawn and presumably dies there after 

spawning.. The young eel, or elvers, still undergoing metamorphoses, 

ascend from the depths of the sea to the coastal waters. They are 

said to refrain from feeding during.that period. Not before reaChing 117 

fresh water does the young eel start taking in food, first plancton 

and terrestrial forms, later also young fish and frequently even 

the eggs of other freshwater fish. The eel remains in fresh water . 

5-8 years and feeds there. Upon maturity it descends to the sea 

again, without feeding, to spawn there in great depths. More recent 	1 
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àtudies have stlown that large numbers of elvers remain at the •coaet 

and in mouths of rivers, while the others ascend the streams. These 

• which remain , are mainly males which feed on mariné animals of all 

types and wait until the females descend the.:Isteams. Together 

they migrate then to the spawning grounds. We havé, therefore, 2 

groups of eels which live in cômpletely different  habitats. . 

• What is the relation between parasitic fauna and nutritbn in 

these  animais?  Looking at the figures in Tables IX and X, we see:•. 

immediately that their parasitic fauna consists  of  almost equal 

numbers of marine and potamophilous species. Contrary to Salmo salar, 

freshwater elements are strongly represented which indicates . feeding -

in that medium. Comparing the statements made further above on the 

 nutritional habits of the eel-with- the- figures of the Tables, we 

notice that there is agreement in many respects, we may assume that 

the males remaining  in the sea would have rather marine and possibly 

marine,pôtamophilous parasites, While the females became infected .  

in fresh water with purely potamophilous and potamophilous-marine 

species. This, therefore, is an exact mirror image of the living 

habits of the eel and a distinct indication of the Various habitats 

it frequents. 

Let us now consider the cther migratory fish, first Alosa  

vulgaris. BARFURTH (4), WEBER (105) and HOEK (40) have studied the 

nutritional habits of this fish. They examined the stomach conters 
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of old and young shads and obtained the followtimg interesting 

results: The descending young shads feed on insects and small 

crustaceans. The old ascending fish which migrate to their spawl: 

grounds; however, have often only a.mucous plug in their stomachs 

which contains remains of food insidé, mostly remains of the 

brackish water form Temorella affinis. When entering the mouth of 

the river, the fish still feed, but on their way upstream they do 118 
never 

not feed at all. Exhausted from their journey which/takes them 

far upstream, and from spawningithey return to the sea, emaciated. 

Let us again compare these findings with the figures on 

the parasitic fauna of Alosa vulgaris in Tables IX and X. Again 

we find full agreement between nutrition and parasitic fauna. The 

marine element predominates. On account of its starvation period 

in fresh water Alosa vulgaris does not have an opportunity to become 

infected with potamophilous parasites. Another contributive factor 

is the fact that the shads never travel far upstream; according to 

HOEK, they often hardly leave the brackish water region. 

Again, biological and parasitological observations agree 

With each othér. 

Unfortunately' we know little as yet on the nutrition of 

_Acipenser sturio  and Petromyzon fluviatilis.  Presumably they both 

feed on small animals in the sea; in fresh water, on the other hand, 

during their migration to • their spawning grounds, they take in very 



little food. Petromyzon fluviatilis  which leads partly a parasige 

life, has a very specific parasitic fauna; .  as can be seen from 

Table IX. In Acipenser sturio the marine elements dominate. 

Now tO the clOsest relatives of the salmon, Osmerus eperlanus., 

Coreonus oxyrhynchus and Salmo trutta.  They are the exact Opposite 

of all migratory fish so far mentioned with regard to  nutrition. - 

Osmerus eperlanus  'and Coregonus oxyrhynchus prefer the Baltic 

Sea. Both migrate into the coastal rivers falling into the Baltic 

Sea to spawn and there feed in the same manner as in the sea. These 

living habits naturally determine# also the population and the 

character of the parasitic fauna, and in both fish the potamophilous 

element is in fact stronger than the marine element. Another factor,  

may contribute to this phenomenon, namely, that both fish secies 

live in the Baltic Sea which has repeatedly been classified as very 

favourable for the adaptation of potamophilous species. Osmerus  

eperlanus  and Coregonus oxyrhynchus  can therefore becomk_nfected 

with potamophilous parasites already in the brackish water region. 	119 

It should also be pointed out that Coregonus oxyrhynchus can adapt 

itself very easily to purely freshwater conditions. 

Again, in these migratory fish from the Baltic Sea, far- . 
_ 

reaching agreement between living habits and parasitic fauna. 

Salmo trutta,  finally, leads a life similar to that 
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of the two abpve-mentioned fish. Unfortunately we are not enstirep.y 

familiar with the living habits of marine trout. Systematically 

it stands between the purely potamophilous brook:1 trout and the 

migratory fish Salmo salar e  and also with regard to its living 

habits, so that the opinion has been repeatedly voiced that the 

marine trout could perhaps be a hybrid of the two fish species. 

In the sea the marine trout feeds as much as the salmon and 

discontinues feeding only with the commencement of mhturity which, ' 

• can already set in in the sea. It starves while it migrates in 

fresh water. After spawning it feeds again and slowly descends to 

the sea. According to GIARD (26,g7), the marine trout stays in the 

seam long as the salmon. 

Let us compare the above with the parasitic fauna of the 

marine trout. Immédiately we notice that the purely potamophilous 

and potamophilous-marine element dominates. When discontinu±ngg 

feeding, the marine trout presumably loses its marine parasites 

which it carried from the sea. After spawning, hewever„ it proves 

to be a voraCious predatory fish (the nature of'trout) and therefore 

becomes infected with a large number of potamophilous parasites. 

It is interesting to note that of its 17 parasitic species, as many.  

as 12 are  found also in Salmo fario. • 

- From what we know today about the parasitic fauna and 

living habits of the marine trout, they . also agree. 



From 'these few examples on the relatiinship between nut4tion 

and living habits, on the one hand, and parasitic fauna, on thej 

other hand, it becomes apparent that we can drawrconclusions fr'em 

the nutrition biology of an animal on its parasitic fauna and vice' 

versa: from the parasitic fauna of an animal, its character and 

its composition we can draw conclusions on the living habits, 

habitat and nutrition of that animal. 

This manifests itself most clearly in migratory fish. 

Their parasitic fauna follows the same pattern as their living 

habits which are completely determined by their sexual life. If 

some fish starve in the sea, they do not have any marine parasites 

(the female . eels), if some starve in fresh water they do not have 

any potamophilous species at all (Petromyzon fluviatilis)  or only 

very few (Salmo salar). If they, however, feed both in the sea and 

in the fresh water; their parasitic fauna, depending on the place 

the fish is caught, containieither marine or potamophilous parasites 

(Salmo trutta, Coregonus oxyrhynchus, Osmerus eperlanus). 



IV. Geographical Part  

In 1.896, ORTMANN (80) made the following comments on the 

geographical distribution of these worms, in particular the 

parasitic forms: "Our systematic knowledge of this groupsof  animais  

(parasites) is still very inadequate, and our knowledge on their 

geographical distribution is non-existent". 

Even today, 20 years later, our knowledge in this respect 

has not widened much. Although abundant geographical findings'are 

accumulated in numerous parasitological works .,; no or very few 

attempts have been made so far to carry out comprehensive studies 

on one or the other group of parasites. Exceptions are of course 
- -- - 

the pathogenic parasites of man and-those 'ariiinals which are useful 
--- 

to man. Their distribution and frequency has been studied extensively 

for sanitary reasons. 

• 	Even in this paper it is impossible to carry out a thorough 

study of the geographical distribution of fish parasites, as on the 

one hand such studies would be too far-reaching, and on the other 

hand the subject is too great ad too difficult to be treated, as it 

were,  as 'a  supplement to a parasitological-biological paper of 	' 

completely different content.Research into the geographical 

distribution of these parasites meets with great difficulties, 

partly obstacles which cannot . be ranoved with our present knowledge,' 



of the life of many of these parasites. The life cycle of most 

of them is not known at all or only in fragments. We know their 
krew 

hosts or the intermediate host(s); of many parasites we ohly/onq 

or the other. We do not know how many hosts or intermediate hosts 

certain parasites have; we do not-know whether it undergoes a free 

stage, thereby being exposed to extraneous influences, or whether 122 

it is permanently attached to its host. We also know very few of 

the possibilities of spreading, both active and passive, of which 

• there ae surely a great number: 

Below,  I  would like to discuss the geographiCal distribution 

and the possibilities of distribution of some salmon parasites. 

On account.  of their mostly inactive life, all parasites are 

attached to their hosts or intermediate hosts. We must therefore 

study the geographical distribution of these hosts. In theebhapter 

on systematics,  I have divided the parasites on the basis of this 

, fact by classifying them into purely marine, marine-potamophilous, 

\potamophilous-marine and purely potamophilous species, depending on 

whether -4hey parasitize predominantly-1-m. marine fish or freshwater 

'fish or only . 4-pe one or the other..From the various lists of hosts 

we see which fish, how many fish, and, particularly, which migratory 

fish the individual parasitic species parasitize. The various 

tables with the data on the various localities also show where 

the respective parasites are found and what is the scope of their 

horizontal range of distribution. 
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Parasites 

• davata, Ase. communis, Asc.. capsularia, Aso. angulala:- .i. 
c
Derogenes Tarim's, , Leciihaderlyibbosus, lirachyphallus ,  . 
renalus; A bothrium d'assum ; Asco ris 4i.inn cm, A scart. s ' 

1 Eehinorhynchus gadi, Acanlhocephalus lucii; Pu),111;1w,111Y'ï, 
Meals. 	 , • 

' Derog.• various, Leciih. gibb,..sas, h'rochyph, credritits; P. 
A L uau% crassum, S'et,led: plearoneet is; Asea r is °gland',  
....Ise. davaia, Aso. communis, ..(lee. aagulam, ....-1::.e. cnp. 

. su/apin; Echinorhyn. hetcracanthis, Ech. gadi, 'Eelt- i 
I  

i
truttac, Ech. militant's, Pomphorhyn... lae. yis, Aranthac. 
lueii. sere,,d, 	 , 
Versch11411.: Asca•i.s- amid, Eoh. agilis. 	• 	• . 	- ' 	i . 

 . 	• 	 • 	::- 

f{

Abothrium CF(I.S'SUI11; Asearis communis, Asc. capsularia; 
Ech. trultac, &h. ;adj. 

. Scolex pleuronedis; .12rack. cry/tutus; Ascaris adunra, 

. Asc. commit  1? 15,  A e?.. adita, :lee. clacata, Asc, ca pealaria ; 

1 
 Acanth,2,...e , ,h1.1..us !adj., Xe(dh ‘iplehus milk 

 ,Vccscl eft: ' Triacnophorus nodulosus; . Cudillanus 
clegans; .  Pon; pho,:he. lad,  is. , 

Ascaris capsularia. 	adunca. 

Crepidostomum farionk Azygia terencollis; Abohr. 
,crassam, SchisweePhalus g<iderostei., Triaenoph. nodu-
losus; Asearis aculeati, Asc. obtusocaudata, Cue. clegaus; 
AdInth. lucii, Pomph9dw,Inc»is, 11tc,)rhync1as ruffle*, 
Eck.. trulead, Ech. salmoms. 
Vetn eitiipt: Brach. crenalus, .Lca. gdibosus, Derag, - 
varicus; •cole.r.- pleuroncctis; Ascaris capsulnria, /Ise. 
adnnea. A 'sc: clavata, Asc. communts, A sc. anguleia; • 
Ech. heteracanlhis, &h. e di, .A'corhy. a;.;ilis. 

Az,ygia lereticollis; Abothrium erassUM, • Sehis&jceph: { 
gqsleroslei. 	 . 	,.. 

A - Arctic Sea, coast of Murmansk, Greenland 
B Norwegian coast; Baltic Sea; North Sea; coasts of Ireland, 

Belgium, France, Portugal, eastern coast of the United States, 
Os Canada 

C - Bering Sea; coast of Alaska, east coast• of Kamtchatka. 
D - Adriatic and Tyrrhenian Seas, Ligurian coast, Sardinian, coast. 
E - Tierra del Fuego, Chile. 
F - Flat country lakes in Sweden and East Prussia; Lake Onega; Plbn 

Lake; lake in Turkestan, Lake Baikal; river basins of the Ob, 
• Yenisey, Elbe, Weser:,-  Ems, Rhine, Loire, Rhone, Po, Tiber, Danube; 
Russian tributaries of the Black Sea. 

G - United States, Alaska, Greenlandà 



These two points, horizontal distribution and the number 

and species of hosts, have been elaborated in two Tables summari 

the data contained in the various lists of hosts. 

Table XI is based on ORTMANNIs (SO) zoogeographical 

classification. We are concerned only with the following regions: 

all subregions of the Arctic zone, only the mediterranean subregion, 

comprising the Mediterranean, of the circumtropical zone, and only 

the southernmost local fauna of South America of the Antarctic  •zone. 

From this Table we can see - at a glance which parasites are-

typical for any given region, but another point'is of even greater 

importance to us. We. find.that in each subregion - (except in the. H 

Arctic one) parasites occur which are completely foreign tb  the. 

area concerned. Responsible for this circumstance are not onlY  the 

 fish w-4ith a wide distribution, but particularly migratory fish.' 

On their journeys in salt or fresh water they can spread - the 

parasite to completely different parts . of the sea or river basins. 

They mainly carry marine parasites into fresh water'and potamophilous 

species into salt water. Neorhynchus agilis, for instance, is'a 

typical parasite.of Mediterranean fish. Through marine.fish,it must 

have been spread to the Atlantic Ocean, and Salmo salar  even takes:- 

it as far as the . Rhine. Migratory fish also carry .a  fair number. 

of purely-potamophilous parasites to the sea. -  Complete acClimatilation, 

however, does not take place at all or'verY rarely,revén .  if  the  
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repeatedly 
particular parasite is/carried into the:Torei* medium (although 

Sa1mo salar  carries Derogenes varicus  in large numbers into fresh 

water, no freshwater fish has ever been found infected with it)  

ZSCHOKKE (115) reports on several cases of acclimatization (Tetra-

rhynchus erinaceus  and Ascaris capsularia).  FRITSCHts (24) report 

on the infection of Elbe fish by Scolex p1euronectis  can likewise- 

be interpreted as an acclimatization of the parasite to fresh water,. 

although perhaps only temporarily. Usually,- parasites die in a , 

medium foreighnto them, if they do not leave their hosts, like the 

ectoparasites, before the latter enter a different medium. 

The above, however, applies only to the acclimatization df 

parasites to loaIities far away from their usual habitats, so that 

only pure migratory fish which regularly travel from one medium to 

the other, can be considered to spread the parasites. 

Conditions .are different in the transitional zone between 

freshwater and sea, in brackish water. There , an exchange of 

marine and potamophilous parasites is nothing unusual, and we might 

even speak g a parasitic fauna of brackish water. One part of that 

fauna is contributed by marine fish, the other part by freshwater 

fish. Of coürse migratory fish again play the main part in spreading 

the parasites, but many other fish also enter that region, either 

in search of'food or to spawn. All of them carry parasites into 

brackish water, freshwater fish potamophilous species, marine fish 



marine species. Parasites which leave their h4ts became acclima
1
ezed 

to brackish water if they find suitable hosts or intermediate 124 

hosts, and when feeding both marine and potamophilous fish maY .liecome 

infected with parasites which are totally foreign to their specIfic 

parasitic fauna. There is of course the mor4?pportunity for such 

an infection the larger the area of brackish water is and the more 

slowly the transition from fresh water to salt water is made. As 1 

have already demonstrated in the systematic part and especially 

in the faunistic part, the Baltic Sea is a vast body of brackish 

water. Therefore we find there the greatest exchange of marine and 

potamophilous faunal elements. Especially in the eastern part of 

the Baltic Spa, this intermingling of:species is almost the rule. 

In the East Prussian lagoons and the Finnish reefbelt, we find 

both purely freshwater and purely marine fish, also a large number 

of migratory fish of which in particular 2, Osmerus eperlanus  and 

Coregonus oxyrhynchus,  are almost typj.cal of theSaltic Sea. They 

all contribute to the possible acclimatization of one or the other 

species to brackish water. This, however, completely blurs the 

zoogeographical boundaries which hold true for parine_and.potamophilous 

Parasites elsewhere. Not only—db—Marine fish take freshwater 

elements to the sea from there and freshwater fish marine elements 

far inland, but also the migratory fish acquire the elements foreign 

to their parasitic fauna and carry them into fresh or salt water.' 

Salmon which, as we now know, do not feed in fresh water and therefore 
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do not acquire parasites, or only very rarely, become infected wit 

potamophilous parasites, if not in fresh water, so very likely  in 

brackish water, either on their return from the streams  or perhap! 

while they gather in front of the mouth of the river to set out_on 

their journey upstream. 

InterMediate hosts naturally play an important part in the 

acclimatization of a parasite in a certain area. To the extent such 

hosts are available, thus providing a suitable nutritive medium for 

the parasite, the latter can become acclimatized to a foreign 

habitat. This is again very difficult in localities at a great 

distance - from the natural habitat of the parasite, and very easy in 125 — 

localities where the two habitats meet. Here again the Baltic Sea 

provides the most favourable conditions, and we find all marine-

potamophilous or potamophilous-marine salmon parasites there. The 

latter element dominates in the Baltic (5 species, 4 of them 

acanthocephalans, compared to 3 species); in the North, Sea, on the 

other hand, we find more marine-potamophilous species (4 compared to 

2), that is species introduced from the sea. 

It is therefore obvious that,the distribution of the 

parasite is closely linked with the distribution of hosts and 

intermediate hosts. If the latter are missing, the parasite cannot 

become acclimatized in a foreign habitat. Ascaris acuta  and 

above all representatives of the parasitic Neorhynchus agilis  are 



_ fauna of the Méditerranean.This ls presumably ',due to the high sae 

content of that water body. The intermediate hosts cannot live 4iIH 

seas• with lower salt content and thereby the distribution of th 

parasites in their larval stages is limited. As mature worms these 

two species, as we have seen, can be carried to far-away localities. . 

.-and occasionally even into fresh water by migratory fish. In the '- 

Baltic Sea salmon the Rhynchobothria  larvae are mostly missing 

because their hosts, in particular the Selachii, 'do not Come to the 

Baltic Sea. F'reshwater fish which live far away from the sea'do ncit-

have any marine parasités (apart from.the few exceptions already -..  

mentioned above). 

If a parasite is widely.distributed, however, we may with fair 

certainty take this to be an indication for a wide distribution of 

their hosts and intermediate hosts. Calliobothrium filicolle with its 

larva Scolex pleuronectis,  and Pomphorhynchus laevis  take their 

hosts and intermediater:hosts especially from among fish which by 

their.natural, more or less wide distribution provide for a wide 

distribution of their parasités;;too. Abothrium crassum  can be found 

in all water bodies of the Arctic and moderate zones of the northern 

hemisphere, like its hosts, the Salmonidae. It is an interesting 

fact that the parasites spread mainly from east to west and from west 

to east, rarely from north to south and vice versa. This is easily 

explained by the fact that on the same latitudes the living conditions 
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are more or less the same and therefore also the hosts and inter- 	127 

mediate hosts. Typical examples are the distribution of Abothrium 

crassum and the distribution of Derogenes varicus,  both of which 

live only in the Arctic and moderate zones, but occur on the 

Eurbpeanand'North American coasts'. 

Let us also consider briefly the distribution of salmon 

parasites in hosts or intermediate hosts. Table XII informs us saoç 

the number and species of the marine, migratory and freshwater fish 

	

d 	• 
t; 

g 

.  t canthopteryge 

Pharyng,,g/mih • .." 

2. A 
g tt , 	..ft• • 	r>sle.tt 

125 	2 

2i; 	1.1 , 

— 

• I 	10 ; 	58 

— • 

•2 

; 

11 	: 	62 

Il  



in which salmon parasites have been found. 

According to the Table, 355 fish.were infected, of which 

256 were marine, 19 migratory and 80 freshwater fish; This composition 

shows again that Salmo.salar has parasitic species which mostly 

parasitize marine fish, too, which is indirect proof that the 

parasitic fauna of salmon is more marine than photamophilous. The 	' 

Teleostei easily bave the highest rate of infection, several 

.classes of which have numerous parasite carriers - the Acanthopterygii  

(percids, mullids, sparids, sciaenids, etc.), the Anacanthini  

(gadids, pleuronectids, etc.) and the Physostomi (salmonids, cypri-

nids, esocids, etc.). The rate of infection in the ganoids and 

Selachii, on the other hand, is low. 

Among the Physostomi are those fish which have most of the 

parasites in common with'Salmo salar, above all Clupea harengus with 

12•species, Salmo trutta  and Anguilla vulgaris  with 14 species each, 

Gasterosteus aculeatus from the class of the Acanthoptherygii  has 

1.2 salmon parasites. The distribution and rate of infection of 

parasites in the individual families can be seen from the various 

lists of hosts in the chapter on systematics) and from the above 

Table. The figures 1-4, 5-10, 11-20, 21-40, refer to the number of 

salmon parasites found. The figures in,the columns refer to the 

number of fish which may be infected with the above-mentioned 
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numbers of parasites, for instance: 26 Selachii were found infeceed 

by 1-4 salmon parasites, or: of migratory Physostomi,  4 are inf@cted 

with 1-4, 4 with 5-10, 2 with 11-20, and 1 with 21-40 salmon 

parasites. 
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128 V. Summary of results 

Cl) 	From previous studies and this author's own examinations, 

the list of parasites of Salmo salar  was drawn up as folleWs: 

Table XIII. 

(2) Table XIV prevides information on the origin of salmon 

parasites (purely marine, marinepetamophi1eus-, --and7PUreiY—Potano-_____— 
___--- 

philous). 

• (3) The following parasites are: 

(a) new in Salmo salar: Tetrarhynchus erinaceus  v.BEN. 

.(b) new in Rhine salmon: Lecithaster gibbosus  (RUD.), 

Azygia tereticollis  (RUD.), Crepeostomum farionis  (MULL.); 

Scolex pleuronectis  MULL. 

(c) new species for science (found in Rhine salmon): Tetra-

bothrium spec.  HEITZ, Echinorhynchus heteracanthis HEITZ. 

(4) The nature of the intestinal parasitic fauna changes with 

the change of medium. Only parasites enclosed in the body cavity , 

and in compact organs remain the same. The longer the salmon stays 

in the river, the less numerous in species and individuals the 

fauna of intestinal parasites becomes. The intestinal parasitic 

fauna of Salmo salar  rÉlects its habitats. 

(5) Salmon living mainly in the sea have purely marine, marine-

potamophilous and very rarely potamophilous-marine parasitic species. 
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Purely potamophilous parasites, on the other land, indicate lifif 

in fresh water (sebago salmon). 

(6) -  The ascending salmon loses its marine parasites. The dIscending 

salmon has no or very few marine forms. 
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P1a1heimithes. 

Table XIII  

N 	Ill 	t 11 01 in 	II t 11 e S: 

Nomalo e : 

- 1 	129 

'1' remaLo 

1. Derogencs varicus (MF;1.1..). 

; 2. Brarhyphallas crenatus (1■ 1'0.). 
Iletniarus ',Md. pail.). 

ij //erniarus appendiculatus 

5. Disi oniumrdie,runt ZSCII OK K I: nee. 

I:PLIN. 

Distotanni .11 icscheri 
• spec. Mc. INTosu. 

8. Sinistrophoras .simplex (IL u )) .). 
9. Lecithaster gibbosus 

10. Az.ygia tereticollis (12up.). 
Crepidostontuta farionis (M01.1..). 

CestocleS:• 

Abothrium crassuin (P,LoCI:). 

Bothriocephalus osmeri  V, I/INST. 

• noihdoivpholus spec.  J.  larva 

0 K K E. 

15. ncthriocephalus spec. • II.  (accu  
ZscirolU:  n. 

16. .ilothei)cephatus spcc.  Iii. larm 
ZscuoKKE. 

12. lloihrioe.ephatenlari:en ZsEll OK K 

Pcthriorephalus spec.  1 IASSALI.. 
119. Tacnia spec. larva Tostr. 
!,, „ 	„ 

J'etraootnriuta. minimum V. LI 

I. Tetrabothrium • pec. larva 

Tetrabothriunt spec. laroa lIi:t  TX. 

2:3. Triaenophorus nodulosus (PALL.). 

i'2.1• .Schistoce1ihalas gastcrosid (Ru n.). 

25. Seeke /drum/iv/It's MI:ILI:. 

26. C0e1101)1017 , 11lis «1055118 (a 
Tetrarhynchus quadrirostris (07.E.). 

!28. Tctrorhynchus crinaccus  V. 13EN. 
129. 7'e1rarhynchus paleaccue Run. 

Te..trarhyitchus spec. Me. INT: 

31. Tetrarhynchus spec. ZSCHOK LE. 

32. Ascaris elacata 1• 00. 
itscaris adunca nun. 

m...taa MOLL. 
:35. Ascaris angulata lluD. 
36. As caris alto:m.(111(101u .ZED. 

Ascaris acaleati 
88. Ascaris capsularia 111:1). 

:39. ./Iscaris coinnz(jnis  1)1 :s. 
40. Aschris spec. Me: INT. 

"il . .1 seuils  spee. E. I NT 0 . 

42. Asearis spec. J.  '/0/cliciEEE. 

Asmris spec,. Il. ZSCIIOKKE. 

44. Ascaris  Spec, ilEurz. 

45. Cucullanus clegans ZE:). . 

46. .tVeorhynchus . 	(Müm,.). 

47. iVrorhynchus 	(Iluo.). 
48. Acundu.repholus !adj. (M 

49, L'ehin.phynchw; gadi (51 51.1..). 
50. .Hchinorhynchu.,.: irtaioe Se. if IL\  x Kt 

51. 1:thinorhyn..hus salmonis 
52. Echinorhynchus heteracanthis 

HEI (Z. 

53. Echinorhynchus spec •  SCII x  El I), 

54. .Hohinorhyucht/S spec. ZsciroKKE.;" 

55. Potyphorhynchus 	(ZoEcA), 

Ectoirnmsitcs. 

copep (l 
t • 

56. Lepeophtheirus Strôniii 11. ■ 11/1). 

I,crnaeopoda solmonert L I N. 	• 
5S. Lernaeopoda curpionis KIIAEV.‘ 

coregoni 1 . 1(01IE I.  L. 

11 irit dill e 	 ; • 

PiSeitOlif ,!.;l'raitei/T1  I i N 

Cystobranehus  "I' 11(111.8 	 • 

• 

A e  a ii t  Ii ocep 11 a 1 i.cuœ: • 1 • 

1. 

1 	• 
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• 

60 

O 

21 

2 

26. 

8. 

28 

1 
1 

34 

127 
25 .  
43. 

• 28 
. 27 

5 
il 

: 104 

51 

8 

- 

-- • 

• .> 
me, theg" 

. 11? 
22 
42 

21') 

4 

■■■■■• 

7 
22 

, 
+ • 

20 

3 

1 

• 1. 
3 

(7) . 	The more mature the marine salmon is when entering fresh 

:water to spawn, the more the individual number and the species 

parasites are already reduced in the sea. 

Table XIV  

in 7 	in  ? 	in 7 I 
•Parasilvo: 	 , 
Intxrparasites 

1 •  Deragcn es m•i,ms. 

: 2.  &achy/dud/us (Ten tr.•:. 

: 	I emiurus LShei . 

. I I smiurus p pend icu la us. 

5. .1) 	u m 	II 1...runt 
G, Dismnium•it.scheri 

.. Di:unarm' spèc. 

8. Sin isirophonis simp/e.r, 
9, Lee i Muster gibbusus 

10 	Wiwi  te.ttlis , 

Cro pidasuan nut. larion is. 

12. :21bothriun crussum 

•13. 	pha I us amen 	. 
1! Bothr fore phut us s pee.  f.  

.15. Both,. Mee ph al us spec.  If.  
16. Huth'. ioce phut us s pea, I I I . 

. .•17 . noIhrioreph  n  leulari.en . 
18 . Bo thriace phal us span. 

.10. 'Pa ia spec. 
• 20.  Toirolm rium minimum. 

, 	bath i M Spee. 

22. Trihrboihrium. s pea . 
2:1, `Prim.,m)phorus nod ulasus. 

.24. Sehisiorephahis gas/twos/c c', 

Sen/ex ideuroncetis. 
Coenomorphus grossue 
Tefraphynchus quad,. irosm is 

28. Tatra rhyn chus crina setts, 
:29. Tetraph ynchu s patellae us. 
.:10. Tetrad, y nchus S//CC. 
:IL 'Petra ynek 	s 'we .  

. ii 	3 
fi 

9 

-- 

'1  

4 

3 	5 

9 

1 

•

1 

1 

•1 
1 
3 
.1 
5 
3 
. 1 

.1 
1 •  

• f scar is chivant. 	• 

	

:33. 	searis adz( mar . 
• .1scaris acia . 
• ..-1searis ungula 

6. scan's dusoca mlum. 
17 ;Iscaris walla h 

.1scat ca psu !aria . 
• s cari s 	mm un  Ill,  

sear is spec, 
"i:t1 . .iscaris s pee. ,  . 

earis s pee. I 

.1 

O 

.1 

1 
. 1 



1 	I 	- 
I a 	18  

4)9 

28 

ri  

10 

--1.- 

I '1 
51 

1 

el 
el 

e) 

i
I 

-1- 

-1- 
-t- 

Tot;d:' 

5 

70 

I 	. 	in ? 	in ?. I 	in ? 
P aArâ'iUs 	speanc (:) D x 

;'13. Asearis 
4/I/J. A scar is spec: 

/15. CucullanuS 

46. Ncorhynehus 
/17. Ncorhynchus 
'48. Acanihocephalus 
-119. Echinachynchus gadi. 

Echinochytichus trattue. 
".51.. Echinuchyachas salotonis. 
.52. Echinoehynchtt..; hetera• 

canthis. 
'53. Echinorhyn•hus spec. 

Je/t  in  oi/iync/izii spec. 
.55. Pantphachynchus 

56. Lopeophtheirus Stiöin  ii.  
5"). Lerniteopm/a eabirûnea. 
58. 1,ernacopoda carpionis. 
59. Argrt/us coregoni. 

Piscieola geotne.tra. 
; 	Cystobranchas respirans. 

• 	 ? 	 ' 

14y‘nte\ 
Dckreus. 

Purely marine forms: 	 18 
Marine-potamophilous forms 	6 
Potamophilous-marine forms , 7 
Purely potamophilous forms 10 
Forms specific to salmon 

(marine?) 	20 
Total 	61 

,9conclude that their starvation period does not depend on the change 

of medil.%but,is closely linked with their sexual development. - 

The fact that after spawning the descending salmon has 

occasionally freshwater parasites can be interpretedas a sign 

for the fish feeding in fresh water, although very little. This 
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again shows that feeding and starvation, respecively, do not depOnd 

on thecchange of medium. 

The duration of the starvation period depends - on the length 

of the sexual period; both.coincide - here , or less with the stay of 

the fish in fresh water, as can be seen from the parasitic fauna, 

from its decrease in species and numbers of individuals, and from 	132 

its faunistic composition. 

Temporal changes in the onset of the sexual period and the 

begin of the freshwater stay, and different lengths of these two 

periods are reflected in a change ofthe parasitic fauna. 

(8) Fromi'a comparison of the faunistic composition of the parasitic 

fauna of Salmo salar in fresh water with that of the salmon in the 

sea it can  be concluded that the salmon starves at least while 

ascending and spawning in fresh water. 

The same result is obtained from physiological studies and 

findings. 

(9) This applies above all to the . Rhine, Elbe, Weser and Loire 

salmon. The parasitological finds in the Tweed and Tay salmon, on 

the other hand, admit a twofold interpretation; either the fish 

starve in the)'Mver (as in the Rhine, Elbe, Weser and Loire) or 

feed Occaii6nally -irifr-es ..h:water:4 
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(10) The statement that the parasitic fauna4n the different 

media is a product of nutritional 'habits also applies to Anguilla  

zulgari.1, Alosa vulgaris,  and several other migratory fish. 

(11) Parasites are carried to other media by migratory fish, but 

in localities at great distances from the natural habitat of the 

parasites this results in acclimatization only in very rare cases 

and even then only temporarily. 

At the boundary between the two media, in brackish water,a 

great exchange and'permanent acclimatization of purely  marine and 

purely potamophilous parasites can be observed. This renders the 

zoogeographical boundaries very indistinct. 

(12) Parasitological-faunistic findings are of great value for 

nutrition biological and zoogeographical discussions. 

Parasites are clear indicators for the life cycle of an . 

animal. From them it is possible at any time to ascertain on what 

the animal Leeds,  where it lives, whether it suffers from scarcity 

of fôod or whether it  lires in abundance 
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ak = 
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blds 

bs = 
de re= 

- dh 
ds = 
eb 

ep 

apiail sucker 
protrusion canal 
bothria 	. 

caeca of parts Of 
intestine 

ventral sucker 
ductus ejaculatorius 
ductus 1-irmaphroditus 
part of intestine 

excretory vesicle 

excretOry pore 

20X,t5 

t, • 

• ‘,„ 

Legend for Figures in Tab -  ' 
• 

est = excretory stems •. 

fk packed body (glandular cells) 
ga genital atrium 

gl = bell-shaped uterus 

glt = pouches of bell-shaped uterus 

gp = genital pore 

glgr =  base of belleshaped uterus 
h = testicle 
ha neck 
hk .= posterior part of body 
ls ligamentum  suspens orium  

le = lemnisci 
ms = oral sucker 
oc = esophagus 

ov ovaries 

ovd - oviduct 
ph .= pharynx 
pp = pars prostatica 
r = proboscis 
ro = rostellum 
rr = retractor receptaculi 
rs = receptaculum seminis 
rsch = sheath of proboscis 
rt = retinaculum 
sb = seminal vescicle 
siphv = sphincters of vagina 

.ut 	uterus 
v vulva 
vag = vagina 
vk anterior part of body 
zgl - cells of bell-shaped uterus 

Fig.l. Distomum Miescheri ZSCHOKKE, female 	• 
Fig.2.. Eohinorhynchus heteraoanthis nov.spec.,  female. 
	 Echinorhynchus heteracanthis nov.spec.;female 

Female genitals. a - bell-shaped uterus, b - uterus, 
and'vagina 

. 	Fig.4. 'Echinorhynchus heteracanthis nov.spec.,  female. 
Proboscis 

Fig.5. Tetrabothrium novospec. • ' 
Fig.6. Coenomorphus grossus (RUD.). a - according to HEITZ . 	 - (1915); b - according to TOSH (1905); c - according 

:- to FRITSCH (1894).'Natural size. 
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